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PHANTOM II tre fighter with a dual role in defense 


planning—Air Defense and Air-to-Ground Attack 


The Phantom n, teaming two men with two engines to perform two missions at more than double- 
sonic speed, is the one airplane in production that combines unmatched performance with both 


all-weather air defense and long-range air-to-ground strike capability. 


The two man crew concept of the McDonnell Phantom u makes full use of human reliability and 
judgment. Crew skills are substituted for electronic complexity and integrated with advanced radar, 
fire control, instrumentation and communication systems for total efficiency in mission performance. 


Twin engines with afterburners combine safety and record-breaking performance. The Phantom 
has reached an altitude of 98,560 feet, holds world closed-course speed records for both 100 and 
500 kilometers and has a dash speed in excess of 1500 mph. 


Sparrow u1 missiles and a host of other air-to-air and air-to-ground weapons, both conventional 
and nuclear, can be carried for complete versatility. Simply adding armament fits the Phantom u 


to the combat situation in minutes, in all kinds of weather, day or night. 


MCDONNELL 


Phantom Il and F-101 Fighter and Strike Aircraft - Rotorcraft - Project Mercury 
and Aeroballistic Spacecraft - Quail Decoy Missiles - Talos Airframes and 


Propulsion Systems - Electronics Systems - Automation 


MCDONNEL AIRCRAFT - ST. LOUIS, MISSOURI, U.S.A. 
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Cover Picture: Two members of a family of small gas turbine engines. Above, the General Electric CJ 610 civil jet engine; 
Below, the military version of the GE J85-5 with afterburner. 
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Sabena (Société Anonyme Belge 


d’Exploitation de la Navigation Aérienne ) 


was founded on May 23rd 1923, and, 
with 38 years to its credit, 
is one of the oldest 
airlines in the world. 


420.000.9000 KM 


Since 1923 Belgian aircraft 


have flown more than 260,000,000 miles. 


being far in excess of the distance 


four continents, covers 130,000 miles 


This figure is literally astronomic, 


from the Earth to the Sun and back. S A by f N A 
Today, Sabena’s network embraces 





and links 37 countries. BELGIAN Noid AIRLINES 
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Mobil is prominent in the background (upper left) at Orly. 


Two of aviations most famous names 
have been in the picture for years 





This twin-engined « airliner» waszthe forerunner of Air France's giant fleet that 
today flies some 205,000 miles of air routes. Mobil serves 50 airlines—large and 
small—with fuels, lubricants, all the skill of Mobil Economy Service. Let Mobil 
aviation service experts help cut costs for you. 


On a smokey February day in 1919 the well-strutted Farman (at left) took off 
from Le Bourget to inaugurate Paris-London air service for the line that became 
Air France. Mobiloil had already been “ flying ’’ for 16 years; Mobil products 
had been used in 1903 to lubricate the tiny 13-horse power engine the Wrights 
used at Kitty Hawk. 

Today, Mobil supplies Air France with fuels and ground service for its vast jet 
and piston-engine fleet at airports around the globe. Mobil Economy Service 
for aviation is available on all continents—ready to provide quality products 
and dependable service to all aircraft, large and small. 


Mobil Aviation Products plus 





ECONOMY, SERVICE 
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Eight hours ago, an expanse of barren mountain- 
ous country made communication impossible. 
Tonight, 60 telephone channels and teletype 
span the wilderness. 

Transportable MICROSCATTER is a super 
high frequency radio system for long-range 
communication. Developed by Canadian 
Westinghouse, MICROSCATTER beams sig- 
nals high above the earth sending two-way 
voice and teletype messages up to 200 miles over 
land and water . . . without costly relay stations. 


The compact MICROSCATTER radio system 
fits in a standard 30 ft. truck trailer. Now, 
whenever men and equipment move, MICRO- 
SCATTER moves right along with them. It is 
particularly suited to military and government 
projects in remote locations. Units designed for 
self-contained field operations are set down by 
helicopter. 


CANADIAN 


...and 200 miles away a telephone rings! 


A Westinghouse communications specialist will 
be pleased to explain fully the MICRO- 
SCATTER operation and relate it to your 
problem. Contact your nearest Westinghouse 
office, or write to Canadian Westinghouse 
Company Limited, Electronics Division, 
Hamilton, Canada. YOU CAN BE SURE... 
IF IT’S WESTINGHOUSE. 





MICROSCATTER APPLICATIONS 














COMMERCIAL MILITARY 
Fixed Station —120 telephone | Wide Band —radar 
channels —data 
—television and —120 telephone 
sound channels 
Transportable—60 telephone Tactical and —60 voice channels 
channels Transportable—teletype 
—teletype —data 
FEATURES 
* Frequency—4400-5000 mc * Power—2 KW 


* Antennas —10 to 28 ft. diameter * Range—100 to 200 miles 





Westinghouse Microscatter 


60-A-745 














Mobile 
Silencers 
for 

Jet Engines 





ISOLIERUNG 





Design and construction of fixed and mobile silencers for rocket 
and jet engines. Industrial silencing. Anti-vibration insulation. 


GRUNZWEIG + HARTMANN AG - LUDWIGSHAFEN/RHINE - WEST GERMANY 








AVRO (40 
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flies into service soon 


The Avro 748, powered by two Rolls-Royce Dart engines, has been 
ordered by leading airline operators in four continents. 


HAWKER SIDDELEY AVIATION 


32 DUKE STREET, ST. JAMES'S, LONDON, S.W. 1 
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NO eee FOURTEEN LIVES! The average ‘“‘life’’ of a Ryan 


Firebee jet target is 14 full flight missions.* This means that one 
Firebee can do the work of 14 single-flight expendable drones. And, 
with a flight duration of up to 1 hour and 43 minutes (Firebees have 
flown 1 hour and 17 minutes above 50,000 feet), Firebees are ‘‘on 
range’ long enough to serve an entire squadron of supersonic inter- 
ceptors or several surface-to-air missile batteries. After missile firings 
are scored electronically, Firebees parachute to land or sea where 
they are recovered for use again and again. Individual Firebees have 
flown up to 25 missions. No other target compares with the recover- 
able Ryan Firebee for high-speed, high-altitude reliability and low 


cost per target mission. Newest of the Ryan Firebee family is the 


transonic Q-2C, now in volume production for the Air Force and Navy. 
Air or ground launched, Ryan Firebees keep more service teams com: 
bat ready than all other jet targets combined. And, reflecting Ryan's 
decade of design and operational experience in the jet target field, 
improved Firebees will continue to test the mettle of men and 
missiles well into the Age of Space. 


*Based on Q-2C operations at Air Force Missile Development Center 


RY A WN asronauticat company 
oe ee i fia SAN DIEGO 8 CALIFORNIA 


Ryan Offers Challenging Opportunities to Engineers 
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A / | \ ; VICKERS VANGUARD 


SQUADRON OF TODAY 


BEING 707 


/ 


LOCKHEED STARFIGHTER 


CARAVELLE 








the squadron AWP (=. Basie] 


MESSERSCHMITT 
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AMP is at your service because 
YOUR connection problems are Senin weeietiats 
ITS problems and ITS reason for being, VICKERS = 
Al . ak 3 } 7 : , DE HAVILLAND X\ 
thinks about them and solves them betore SN) 
M ) ¢ ( ¢ WESTLAND ~ W) 
daksun(cXeup ial tore | mete) aver a=iele)amme) am \zelel ams) f-lalcr RY 


adds to the efficiency of your Design Division. RQ RY ym 
SS CX 
/ FRANCE 








4 SUD AVIATION 
NORD AVIATION 
MARCEL DASSAULT 
= BREGUET 

tite Se. “ae 


Aircraft-Marine Products (Great Britain) Lid 
Amplo House - 87-89 Saffron Hill, London E.C.1 Tel: CHAncery 2902 


affiliated with amp incorporated, harrisburg, pa., u.s.a 

















DORNIER Do-29 


FOKKER F. 27 


COMET 48 


of tomorrow 


BREGUET 1150 


SPAIN 
HISPANO AVIACION 


SWEDEN 











COTELEC 


SOCIETE FRANCAISE D'ETUDES ET DE CONSTRUCTIONS 
ELECTRONIQUES 


Managers of Laboratoires DERVEAUX 


are active in all fields of 


ELECTRONICS 


oe 


TELEMETERING and GUIDANCE EQUIPMENT 
for aircraft and missiles 


(Radar telemeters « Gun sights e Homing equipment e 
Radio compasses e Recorders « Antennas « Transponders) 


@ 
MICROWAVE MEASURING EQUIPMENT 
& 
ANALOGUE COMPUTERS 
* 


The Boulogne COMPUTER CENTRE and the 
Villacoublay ANTENNA CHECKING CENTRE 


are available to Industry for the 


STUDY AND SOLUTION OF 
ALL PROBLEMS 


Offices 


64, rue du Chateau, Boulogne (Seine) 
Mol. 73-91 
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NOW HAS ALL 4 


Africa’s progressive Republic of Ghana 
chose 4 de Havilland Canada types to 
further its program of national de- 
velopment. 


* The DHC-1 Chipmunk 2 place Basic 
trainer 


* The DHC-2 Beaver STOL Utility “14 
ton flying truck” 


* The DHC-3 Otter STOL Utility “1 
ton flying truck” 


* The DHC-4 Caribou 3 ton payload 
STOL Utility Transport 


These Aircraft will provide primary 
and crew training, survey, ambulance, 
supply drop, passenger and cargo trans- 
portation into remote areas. 


DE HAVILLAND AIRCRAFT OF CANADA 


DOWNSVIEW MEMBER COMPANY OF THE HAWKER SIDDELEY GROUP ONTARIO 
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SATELLITE SIGNALS. Avco has 
miniaturized receiver-decoders 
that actuate satellite equipment, 
ignore stray signals. 











To put all of Avco more quickly at your command, we have recently 
opened two new export offices: European—Stuttgart Flughafen; Tele- 
phone: 70911 (Extension 479). Washington, D.C.—1701 K St., N.W. 
(Suite 904); Telephone: STerling 3-2770. We invite you to visit them at 
leisure or phone them in haste. In any event, you'll have available to 


you complete information about Avco capabilities. MA wco 




















ARC JETS FOR SPACE. Avco’s 30- COMBAT COMMUNICATIONS. AIRCRAFT ENGINES. Avco, AIR TRAFFIC CONTROL. Avco's HONEYCOMB STRUCTURES. 


kilowatt engine brings space Avco's VRC/12 FM unit is com- Lycoming powers more STOL, ATCC automated system for Avco’s Avcomb panels solve 
into the laboratory and may patible with airborne, vehicle- VTOL and utility aircraft than busy airports enables 120 planes weight /strength /heat problems 
one day power satellites. mounted and portable sets. any other engine manufacturer. to take off and land hourly. in sub- and supersonic planes. 
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FOR SKYBOLT MISSILE CHECKOUT 
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MOBILE UNIT 





Now in quantity production at Bendix is the PC-300 
Checkout Sequence Programming Set (equivalent of 
the U.S.A.F. Type AN/GJQ-9). This universal 
programmer-comparator is designed for automatic GO, 
NO GO checkout of Skybolt, air-launched hypersonic 
ballistic missile built by Douglas Aircraft Company. 
Capable of making as many as 100,000 test evaluations, 
the PC-300 can also reduce checkout time to minutes 
on a wide range of other weapons systems—both 
manned and unmanned. Some PC-300 functions are: 
¢ Selection of stimuli control channels for application 


For full details on the PC-300, write: 


“Condi y ew DIVISION 


205 E. 42ND ST., NEW YORK 17, N. Y., U.S.A. 





FLIGHT LINE UNIT 




















MOBILE UNIT WITH BOOM 





to system under test. « Regulation of program con- 
tinuation in accord with measurement and evaluation 
results, or holding program conditions, as directed by 
tape intelligence and selected operating mode. « Oper- 
ation of printed and visual read-out devices to indicate 
test data in accord with selected mode of operation. 

We have proven experience in engineering analysis of 
controls, aircraft, and missile systems; computer func- 
tions; and field service. Whether your support equip- 
ment needs are commercial or military—airborne or 
ground— you can count on Bendix for efficient answers. 





CABLE ADDRESS: ‘'BENDIXINT,”’ N. Y. 








BACE 


The automatic checkout equipment for advanced military systems 



































The Autonetics Division of North American Aviation, Inc. devel- 
oped BACE to provide complete and readily-mobile automatic check- 
out for advanced aircraft, missiles, and other weapon systems. BACE 
examines and interrogates the operating relationship among major 
sub-systems in a weapon system. It provides absolute reproducibility 
of the test routine from test to test. 

BACE incorporates all the necessary functions of checkout on a 
punched aluminum tape. All checkout data are contained on the tape. 
The functions of highly skilled (and often scarce) technicians are on 
the tape. The functions of a wide variety of manual test equipment are 
also on the tape. With BACE all the operator needs to know is which 
button to push. In this way a weapon system can be completely checked 
out in all operating aspects time after time without error. 

In minutes BACE can perform tests and analyses which would 
require hours and days by conventional methods. Already being pro- 
duced for use in advanced American aircraft such as the A3J Vigilante, 
the A2F, and the W2F, BACE is also available for use in Europe. 

BACE is another of the advanced products produced by Autonetics 
—an international leader in electronic and electromechanical systems. 
Another Autonetics product now available in Europe is VERDAN, the 
advanced miniaturized computer for use in military systems. 


AUTONETICS DIVISION OF NORTH AMERICAN AVIATION, INC. 4 


INERTIAL NAVIGATION / ARMAMENT AND FLIGHT CONTROLS /COMPUTERS AND DATA SYSTEMS 


EUROPEAN HEADQUARTERS—North American Aviation S.A., 29 Rue de la Coulouvreniére, Geneva, Switzerland 
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Atlas Copco's contribution to the jet-age — an 
Air Partner starting a jet airliner at London Airport 


ompressed air is power. Little more than one 

minute is needed for the Atlas Copco “Air 
Partner" to start the four-engine jet giants of today. 
Many of the world’s principal airlines now use this 
mobile screw compressor unit - and at Idlewild, 
London, Orly, Dusseldorf, Hong Kong and other major 
airports the Air Partner is regarded as an essential 
part of the ground service facilities. 


Wherever you go you willfind Atlas Copco equipment 
at work; portable compressors for a new Middle East 
pipeline, sprayguns at Jaguar's Coventry works, 
loaders in the German coalmines or rock drills for 
Ghana's new Tema Harbour project. The company’s 
air-tools are used to build Sud-Aviation’s Caravelle. 
Philips, Vauxhall and |.C.1. have chosen Atlas Copco 
compressors for applications where continuous air 
supplies are vital. 


With companies or agents in more than 100 countries, 
Atlas Copco is the world’s largest organisation 
specializing in this field. Wherever you are, the 
international Atlas Copco Group will advise you on 
the applications of compressed air and provide a 
complete after-sales service. 


Sttlas Copco puts compressed air 


to work for the world 


SALES AND SERVICE IN OVER 100 COUNTRIES 


THE TREND IS TOWARDS 
AIR PARTNERSHIP 
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MORE POWER 
FOR FRANCE 


The Roselend Valley projectin 
the Savoy Alps involves build- 
ing two dams and a 476,000kW 
power station. Atlas Copco 
equipment has been used 
almost everywhere on this 
project — more than 100 rock 
drills and many thousands of 
Sandvik Coromant drill steels 
being employed to drive the 
main tunnels. 
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THROUGH THE HEART 
OF MONT BLANC 


When the seven-mile Mont 
Blanc road tunnel is com- 
pleted, motorists will have an 
all-year-round Alpine route 
between France and Italy. 
More than half the tunnel is 
being driven from the Italian 
side with Atlas Copco rock 
drills and Sandvik Coromant 
drill steels. Power is supplied 
by Atlas Copco compressors. 


OIL PROSPECTING 
IN THE SAHARA 


Many of the companies pro- 
specting for oil in the Sahara 
employ seismic techniques. 
Atlas Copco supply special 
equipment for drilling sound- 
ing holes. A typical unitis this 
Atlas Copco truck-mounted 
compressor — air-cooled for 
desert work — driving a chain- 
fed rock drill with Sandvik 
Coromant drill steels. 
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Air Transportation 


Cunard Eagle Airways plans to start once- 
daily Boeing 707 service on the North 
Atlantic in May 1962, providing that BOAC’s 
appeal against the June 22nd route award is 
not upheld and that CAB authority is 
forthcoming. The British Air Transport 
Licensing Board has given the carrier rights 
between London and New York with service 
including Manchester, Prestwick, Philadel- 
phia, Boston and Baltimore/Washington 
(but has refused Toronto, Montreal, Detroit, 
Chicago, Shannon, Keflavik, and Gander). 
Under the UK-USA Air Agreement, the UK 
has the right to designate a second carrier, 
but strong opposition is also likely to come 
from major US Atlantic operators. BOAC 
claims that the diversion of traffic would 
undermine its position on the route, already 
suffering from load factors below the antici- 
pated levels. Cunard Eagle has two Boeing 
707-465s on order for this work. 

o 


Japan Air Lines has confirmed an order to 
Douglas Aircraft for a sixth DC-8 for 
delivery in March 1962 (series 50 with P&W 
JT3D turbofans). Cost $6,083,731. JAL has 
already taken delivery of five DC-8 series 30s. 
The fact that the carrier now quotes “a fleet 
of five DC-8s available in 1962” suggests 
that the DC-8 series 30 which crashed on 
landing at Tokyo International on April 
24th, has now been completely written off. 


CAB rejection of Qantas’ application to 
amend its licence to permit operation into 
San Francisco via Tahiti as well as Honolulu 
is a serious blow to the carrier’s development 
plans. Both Qantas and the Australian 
Department of Civil Aviation are preparing 
arguments for submission to CAB. French 
independent TAI is operating DC-8s through 
Sydney to Tahiti, and on via Honolulu to 
Los Angeles for a link with Air France. 
Qantas claims that it loses some traffic to the 
TAI operation and that this adds to current 
difficulties, with the credit squeeze in Austra- 
lia already inhibiting normal growth. 

e 


US-Soviet Union talks on the establishment 
of a direct New York-Moscow route may 
now be opened in July. Talks have been 
pending since 1959, and a meeting scheduled 
for July 18th, 1960, was cancelled by the US 
after the RB-47 incident. Original planning 
covered reciprocal New York-Moscow ser- 
vices by Pan American and Aeroflot, and the 
US Government has already given PanAm 
authority to operate the Moscow run. 


United Air Lines will introduce the Caravelle 
VIR into service with three roundtrip flights 
a day New York-Chicago, effective July 13th. 


Lufthansa plans to establish a central agency 
in Frankfurt to handle all freight and mail 
business for its complete route network. The 
new centre would handle both scheduled and 
charter freight work. 





* Interavia Air Letter is a daily international news 
digest published in English, French (“Courrier Aérien”), 
and German (“Luft-Post”). All rights reserved. 
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British European Airways and Sabena are dis- 
cussing possible joint purchase of Vertol 
107 helicopters for cooperative cross-Chan- 
nel services. Sabena is expected to fly 
Brussels-Paris and Brussels-London, while 
BEA would operate London-Brussels and 
London-Paris. The joint requirement will 
probably be for five helicopters, giving two in 
service, two on maintenance and one in gene- 
ral reserve. The UK Minister of Aviation is 
expected to approve the BEA request for 
Vertol 107s, but the question of engines is still 
outstanding. BEA will certainly be under 
pressure to use British powerplants, and the 
two on offer are the Gnome and Gazelle. 
Powered with the type 512 Gazelle (takeoff 
power 1,600 s.h.p., maximum continuous 
rating 1,245 s.h.p., and 1l-hour contingency 
rating 1,510 s.h.p.), the Vertol 107H would 
have increased seating capacity from 25 to 28, 
loaded weight increased to 21,414 lb, lower 
seat-mile costs, and higher cruising speed. 


Industry 


Compagnie Générale de Télégraphie Sans Fil 
(now officially CSF) has won an official con- 
tract to supply Cyrano fire control systems to 
equip the Dassault Mirage IIIs on order for 
the Royal Australian Air Force. 

* 


Boeing has received (mid-June) a Continental 
Airlines’ order for four 720Bs for delivery in 
the second quarter of 1962. Including spare 
engines, parts and ground equipment, the 
capital outlay is $27.5 million. The require- 
ment arises from Continental’s new Califor- 
nia-Arizona-Texas route inaugurated June 


12th. 
. 


Lockheed Aircraft Corp. order book for the 
JetStar totalled 37 aircraft at June 12th 
(26 commercial version and 11 for the mili- 
tary C-140). Initial deliveries are scheduled 
to commence this autumn, with first cus- 
tomers including: Special Air Missions 
Division of MATS; Continental Can ; Krupp 
of West Germany; Canadian Department of 
Transport; and the Eaton Company of 
Canada (other customers not disclosed). 
USAF Airways and Air Communication 
Service has placed five of the eleven military 
orders for navigational aid evaluation. 


Fokker has booked a firm order for three F.27 
Friendships from Portuguese East African 
operator DETA (Divisio de Exploracao dos 
Transportes Aéreos of Laurengo Marques). 
Order confirms an earlier option. 

* 


Pilatus Aircraft Works (Switzerland) has 
booked a firm order from Wien Alaska Air- 
lines for an unspecified quantity (probably 
about six) Porter utility aircraft powered by 
the supercharged 340-hp Lycoming GSO- 
480. Price is reportedly $40,000 each, and 
deliveries will start in August this year. 
Northern Consolidated Airlines of Anchor- 
age, Alaska, is also negotiating an order with 
Pilatus (possibly nine). In both cases, final 
contracts will presumably depend on FAA 
certification which is expected towards the 
end of July. West German domestic operator 
Deutsche Nahluftverkehr has recently taken 
delivery of a third Porter on a long-term, 
lease-purchase agreement. The Swiss Army is 
currently evaluating an Astazou-powered 
model of the Porter (as exhibited in Paris). 


Société Industrielle pour lAéronautique 
(SIPA) and the Italian company Procaer of 
Milan have signed an agreement giving SIPA 
French distribution rights for the F.15B 
Picchio (180 hp Lycoming 0-360 engine; 
max. speed 198.8 m.p.h.). Procaer will re- 
present SIPA in Italy. 

= 


Lear Ine. has confirmed an agreement with 
Sud-Aviation for development and flight 
testing of an automatic landing system, sup- 
plementing the Lear L-102 autopilot, cur- 
rently in operation with the Caravelle. First 
programme objectives will be the lowering of 
landing, ceiling, and visibility minima, fol- 
lowed by completely automatic touch-down 
landing using a Caravelle as a test vehicle. 
Lear’s Santa Monica facility has been de- 
veloping various components of the proposed 
system for over a year, and tests have been 
carried out in a B-26. The Lear-Sud Aviation 
agreement also contemplates participation of 
the French SFENA company, who would 
assist in application engineering and test 
flights at Toulouse. 


Military Affairs 


The USAF’s original TFX concept for a single 
all-purpose aircraft to meet limited-war re- 
quirements for the Air Force, Army, and 
Navy has been scrapped and Defense 
Secretary McNamara has authorized de- 
velopment work on two tri-service tactical 
aircraft. First, the Air Force will go ahead 
with its own TFX project for a multi- 
purpose air superiority fighter, designed and 
built to Air Force specifications, but with 
close attention to Navy requirements for 
carrier operation. Second, the Navy will 
undertake development of the VAX project, 
a lighter and slower aircraft for close support 
of ground troops (large numbers, low cost 
and a minimum of black boxes). 

The Air Force TFX project calls for high 
top speeds (superior to F-105) at both high 
and low altitude, greatly improved ranges for 
both strike and ferry missions, and ability to 
operate from steel-plank or even grass run- 
ways. Design will reportedly include variable 
geometry wing and low landing gear flotation 
values. 

With the VAX, the Navy visualizes a non- 
afterburning turbojet aircraft operating in 
the transonic region and capable of mounting 
a wide variety of ordnance for various 
missions. e 


Pentagon officials are reportedly giving close 
attention to the concept of a low-speed, long- 
endurance airborne missile platform (Dro- 
medary) as an alternative to the B-70 bom- 
ber. Deputy Defense Secretary Roswell 
Gilpatric has stated that the stand-off 
bomber could be developed in the same time 
as the B-70, and could carry advanced ver- 
sions of the GAM-87A Skybolt ALBM. 
USAF Under-Secretary Joseph Charyk has 
told the House Defense Appropriations Sub- 
Committee that Dromedary would (probably) 
be powered by turboprop engines according 
to preliminary project studies by The Rand 
Corporation, and would incorporate bound- 
ary layer control in wing and tail surfaces in 
order to achieve increased load/range capa- 
bility. The name Dromedary is a reference to 
the now defunct CA MAL project (continu- 
ous airborne missile alert) designed to use a 
subsonic nuclear-powered aircraft. ° 


The Air Force’s Project Joshua lightweight 
ICBM development programme is still classi- 
fied and very sensitive, and little informa- 
tion has been released on the subject. The 
development programme is reportedly under 
way at Systems Command Rocket Test 
Agency of the Space Systems Division at 
Edwards AFB, Calif. Although Systems 
Division spokesmen have declined to discuss 
any details of the project, industry sources 
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believe that Joshua is intended to have great 
mobility and be capable of trailer-truck 
launch, weighing little more than a modern 
fighter. In April, Marquardt Corporation put 
out a release concerning a minor ($100,000) 
contract for design and fabrication of fuel 
injectors. Full-scale and sub-secale fuel in- 
jectors now under design and manufactured 
by Marquardt for use in engine development 
tests are expected to lead directly to light- 
weight flight units. Other reports indicate 
that Joshua is also being considered for 
use in spacecraft, with the upper stages per- 
haps used to launch warheads from a space 
satellite such as Bambi (part of the Project 
Defender programme). 

& 


US Marine Corps is_ believed to have 
abandoned procurement plans for the Davy 
Crockett portable tactical nuclear rocket, and 
the Corps now reportedly sees no future re- 
quirement. Decision may reflect a top-level 
planning change or may be the result of 
difficulties which the Army has experienced 
with the system. One problem is the weapon’s 
lack of dual warhead capability. The Army 
wants weapons for nuclear and non-nuclear 
combat, particularly at short/medium ranges. 
The Army has spent $25 million on develop- 
ment, and admits that thinking on distribu- 
tion in tactical units is being reconsidered 
pending additional testing. 

* 


The USAF will phase out American Machine 
and Foundry Corp. and ACF Industries con- 
tracts for development of railroad launch 
and control cars for the mobile Minuteman 
ICBM, according to reports from Washing- 
ton. Other major mobile Minuteman con- 
tracts and subcontracts are to be continued 
in varying degrees with carry-over funds 
from the current fiscal year, but no new fund- 
ing has been approved for the programme in 
fiscal 1962. Completed rail car contracts will 
represent only about 25 percent of the work 
originally contemplated, according to Air 
Force sources. 

* 


Current Army-Air Force talks concern a pos- 
sible elimination of the 5,000 lb weight res- 
triction on Army fixed-wing aircraft. If 
agreement is reached by Service Secretaries, 
the matter will be considered by the Secret- 
ary of Defense. The weight limit has been the 
Defense Department policy since 1957, 
partly to avoid possible duplication of air- 
craft development activities by the two 
services. Two Army applications for limit 
exception (for the de Havilland Caribou and 
the Grumman Mohawk) were both granted, 
but Army planners feel that the restrictions 
inhibit development of the type of aircraft 
required for its growing aviation programme. 


The US-Canada aircraft deal, finally con- 
firmed last month, will give Canada 66 US- 
built MeDonnell F-101 B Voodoo jet inter- 
ceptors (cost about $120 million) to re-equip 
five CF-100 squadrons (4 are being dis- 
banded) operated under NORAD. Canadian 
manufacturers will get $200 million orders 
for Lockheed F-104Gs under the NATO 
mutual aid programme, with the US putting 
up $150 million and Canada $100 million. 
Canada will take over the US share of the 
cost of operating 16 Pine Tree radar line 
stations in northern Canada, estimated at 
about $57 million a year. 

= 


The bill for procurement of 100 Dassault 
Mirage IIIS fighters (licence production) for 
the Swiss Air Force was approved by both 
Houses at the end of June. Total cost is 
Sfr. 871 million ($202.5 m) including 100 
fully-equipped Mirages (Sfr. 514.9 m), sup- 
port equipment, spares, and ammunition 
(Sfr. 313 m) and new airspace control 
systems and airborne equipment (Sfr. 43.1 m). 
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Present planning will bring first delivery in 
about 3% years. Production schedules call 
for a rate of three aircraft a month starting 
6 months later, with completion by end 1967. 


The Italian Government and industry officials 
signed a formal contract with Lockheed Air- 
craft Corp. last month covering the Italian 
F-104G production programme (within the 
framework of the joint European _pro- 
gramme). A final assembly line will be estab- 
lished at Fiat’s Turin plant, and Aeronautica 
Macchi, Aerfer and Alfa Romeo (GE J79s 
under licence) will also be involved. 


Aircraft, Missiles, and Powerplant 


The US Navy has announced some details of 
its DASH (Drone Anti-Submarine Helicop- 
ter), a new vehicle to give destroyers long- 
range strike capability in surface escort 
ASW work. The Gyrodyne Company of 
America (St. James, Long Island, N.Y.) has 
developed and produced the Model DSN-1, 
which made the first free flight of this type 
of vehicle at the Naval Air Test Center last 
August. The DSN-1 features two two-blade 
coaxial rotors of 20-ft diameter and is 
powered by a 72-h.p. Porsche air-cooled re- 
ciprocating engine. Production models will 
have a more powerful Boeing turbine engine. 
The drone will extend attack capability vir- 
tually to the limit of a destroyer’s sonar 
range, permitting a strike with homing 
torpedoes before the submarine had antici- 
pated hostile action. 

e 


Aviation Traders’ ATL-98 Carvair passenger 
and freight aircraft commenced flight testing 
at Southend Airport on June 2Ist. The 
Carvair is a modification of the DC-4, and ten 
have been ordered by Channel Air Bridge, 
with the first going into service this autumn. 
Aviation Traders quotes a cruise speed of 
over 200 m.p.h. (174 knots) at 65,000 Ib 
weight. Maximum weight at 73,000 Ib is 
identical to the DC-4’s. Price £150,000. 


The North American X-15 set up a new speed 
record of 3,603 m.p.h. on June 23rd, 1961, on 
a further flight over Edwards A.F.B., Calif. 
Previous maximum speed attained by the 
rocket research aircraft was 3,370 m.p.h. on 
May 25th. Pilot on the new record flight was 
Major Robert White. Maximum recorded 
skin temperature was about 400°C. 

a 


William Denny & Brothers Ltd., the Dum- 
barton shipbuilders, started trials of a new 
Hovership prototype on June 22nd. Denny 
has developed the research vehicle in col- 
laboration with Hovercraft Development 
Ltd. Length approximately 50 ft. Width 
about 10 ft. Weight is approximately 4.5 tons 
and maximum speed in the order of 15-17 
knots. Two 35 b.h.p. outboard motors 
provide forward propulsion, and two 
25 b.h.p. three-cylinder Hacelsior engines 
drive fans for the air cushion effect. Although 
supported on an air cushion, the vehicle’s 
walls remain in the water. Trials are aimed at 
a possible 50-60 seat craft to be built next 
year to operate on inland waterways. 


New technical details have been issued for the 
four-seat SIAT 222 aircraft by Siebelwerke 
ATG, of Donauwoérth. Powerplant is a 
180 h.p. engine. Span 30 ft 7 in. Length 25 ft 
4 in. Wing area 139 sq.ft. Aspect ratio 6.85. 
Empty weight 1,300 lb. Gross weight 
2,315 lb. Maximum speed is 173 knots, with a 
cruising speed of 155 knots, and a landing 
speed of 46 knots. Service ceiling 22,310 ft. 
Rate of climb 1,536 f.p.m. at sea level. Range 
920 n.m. Takeoff distance over a 50-ft 
obstacle is 1,115 ft, and landing distance 
1,296 ft. 


An Atlas ICBM, launched June 22nd from 
Cape Carnaveral, blew up 95 seconds after 
firing. The intention was to hit a target area 
some 7,300 miles from the launching site. 
This was the seventh failure out of ten 
launchings of the advanced Atlas FP. 

cd 


A USAF Martin Mace B was fired down the 
Atlantic Missile Range on June 16th in the 
third series of performance demonstrations. 
The launch took place from a prototype hard 
site (above ground). The Mace B has a range 
of over 1,200 n.m. and an inertial navigation 
system. It is a follow-on to the earlier Martin 
Matador and Mace A tactical missiles. 

* 


The Fiat 4004.000 jet engine has been de- 
veloped from the original design of the 
4700.000 turbine engine. Length is 950 mm 
(22.4 in.) and frontal area 25.5 dm? (2.74 sq.- 
ft.). Weight is 95 kg (209 lb), and take-off 
thrust 250 k.p. (550 Ib). Maximum continu- 
ous rating 230 k.p. (510 Ib). 

a 


Costruzioni Aeronautiche Giovanni Agusta 
has announced a new ASW version of the 
Agusta 101G (three de Havilland Gnome 
engines). This version will be equipped with 
special detection equipment and the ap- 
propriate ASW armament. Gross weight is 
25,350 tb. Useful load 12,345 lb. Maximum 
speed 124 knots, cruising speed 108 knots, 
range 240 n.m. Service ceiling 16,080 ft. 

o 


NASA is studying the possibility of airlifting 
the Saturn 8-4 on top of a C-133 transport 
aircraft. The “piggy back” plan was pro- 
posed by Douglas, who suggests the attach- 
ment of lightweight fairings to the front and 
rear end of the S-4 to minimize drag created 
with the external loading. 

« 


Boeing’s Wichita Division has started initial 
flights of a B-52H with Skybolt missiles. 
Skybolt is still under development and is 
scheduled to become operational in 1964. 


A final report on a series of four special 
Lockheed X-7 test missile flights to investi- 
gate the effects of aerodynamic heating on 
airframes and structures has been submitted 
to the US Air Force. In this series of thermal 
data flights, the X-7 attained speeds ranging 
from 1,500 to 2,500 m.p.h. at altitudes be- 
tween 5 and over 15 miles. Temperatures 
encountered ranged between 750° and — 50°F 
in a matter of less than 90 seconds. For these 
tests, the X-7s were equipped with some 
400 temperature sensing devices, and data 
were transmitted by radio to ground stations 
through a telemetering link capable of 
handling up to 1,000 measurements per 
second. 

. 


Kaman Aireraft has begun testing a new- 
type helicopter rotor with plastic blades. 
Compared with conventional wood or metal 
blades, plastic construction has the claimed 
advantages of reduced maintenance, cheap- 
ness in production, and improved fatigue 
characteristics. 





Photo credits: Cover picture: manufacturers ; 
p. 907: Interavia (10) ; pp. 929-937: Interavia (48), 
manufacturers (4); pp. 938-941: Interavia (32), 
manufacturers (4); pp. 942-944: Interavia (10), 
manufacturers (8); pp. 961-965: Interavia (1), 
manufacturers (7); pp. 966-969: Interavia (1), 
manufacturers (7); pp. 970-973: Van-Dieuzaide, 
Toulouse (1), Interavia (3), manufacturers (5) ; 
pp. 974-976: manufacturers (7); pp. 985-987: 
Howard Levy (1), manufacturers (7), Interavia 
drawings (2); pp. 988-989: manufacturers (9), 
Ansett-ANA (1); pp. 990-992: manufacturers (8) ; 
pp. 1001-1005: manufacturers (4); pp. 1006-1007 : 
manufacturers (4), Interavia files (1); p. 1008: 
manufacturers (3) ; pp. 1010-1012 : manufacturers 4). 




























... 4 Herald cut one engine— 
and climbed another 500 feet 


From Port Moresby in Papua a Dart Herald was flying at 12,500 
feet on a proving flight—part of its tough see-it-in-action testing 
programme which has taken aircraft of this type nearly 200,000 
miles around the world to 56 widely-differing countries. 

A local airman challenged the Herald’s pilot to cut an engine 
at that altitude. He did so and climbed another 500 feet for good 
measure—as proof of the Herald’s capability on half its power. 

Heralds are built by Handley Page to fly : to fly strongly and 
safely with power to spare. They are making light work of some 
of the most difficult flying conditions and airstrips anywhere. 

Their fail-safe design, craftsmanship and Rolls-Royce Dart 
DART engines are guarantees of economy, versatility and safety. 

Now at Handley Page’s factories around London, production 


is apace on a first batch of 25 Heralds for service with Jersey 
Airlines, Maritime Central Airways, British European Airways, 
] c@| North-South, Nordair and other operators. 


k Pressurised civil or military jet-prop transports; 

f 56 passengers or 6% tons of freight or combinations 

j of both at 275 m.p.h. for 850 miles; operates from 

4 1000-yd. grass airstrips; built for long life and easy : 

é maintenance; penny-a-passenger-mile economy. HANDLEY PAGE RADLETT LONDON READING 
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Reliability and low maintenance costs - two absolute musts in radio 
relay systems - are done full justice in all Philips equipment built on 
the unique Philips ‘ conclave’ method of construction. Compact, 
airtight, plug-in units guarantee complete protection against all the 
adverse influences normally encountered. The equipment satisfies the 
most stringent quality requirements over long periods of operation. 
Our programme comprises equipment for: 

24 telephone channels (400 Mc/s); 

600-960 telephone channels or TV (4000 Mc/s); 

24-60 telephone channels (7000 Mc/s); 

60-120 telephone channels (7000 Mc/s); 

broadband signals, e.g. radar and TV (7000 Mc/s). 

Full documentation available on request. Write to Philips’ Telecom- 
municatie Industrie, P.O. Box 32, Hilversum, The Netherlands. 


more than 40 years’ experience in radiotransmission 








an advertisement from Philips KEY CAPITALS series 
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A fifth of Hispano Suiza’s manpower and resources is devoted 
to Research. The magnitude of this ‘ brain" is accounted for 
\ by the attitude which is traditional in this concern, 
namely the promotion of new industrial techniques 
= which hardly exist, even in outline, in Science laboratories. 
j i This pioneer function does much to explain Hispano-Suiza’s 
important contribution to progress in the aeronautical industry, 
which is such an insatiable consumer of new ideas. 
To take on a réle of this nature requires picked staff 
at all levels as well as powerful means of production 
which are quickly adaptable to modern technical developments. 








Jet engines - Undercarriages - Aeronautical hydraulic 
equipment: jacks and pumps - Ejection seats 
Starter units for turbo-jets 


HISPANO SUIZA. 


Rue du Capitaine Guynemer 
Bois-Colombes (Seine) 


Aeronautical Industry - Nuclear Engineering 
Diesel Engines - Turning machines - General Engineering. 
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GENEVE | 


aéroport intercontinental 














© IN THE ARGOSY C Mk.t 








The *Armstrong-Whitworth Argosy C Mk. 1 for the Royal 
Air Force Transport Command will be fitted with Marconi | 


AD2300B Doppler Navigator and Track Guide Computer. 


* They will also be fitted with the Marconi AD712 Automatic Direction Finder. 


MARCONI 


AIRPORT AND AIRCRAFT RADIO SYSTEMS 





MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD - ESSEX - ENGLAND 
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‘Air born’’ of 
experience in 
brushfire war... 


The A2F-1 
intruder 


This is the Grumman A2F-1 Intruder attack aircraft — an 
airborne weapons system developed for the basic purpose of 
fighting a limited or brushfire war. It was based upon limited 
war combat experience gained inKorea. 

The A2F-1 Intruder “sees” in total darkness, “sees” through 
foul weather, to search... detect... track... and kill...a 
pinpointed target. Safeguarding our freedom cannot wait for 
clear weather or daylight. In fact, the crew of the A2F-1 can 
destroy this pinpointed target in any weather or darkness with- 
out ever having to see it. 












4 Illustration shows artist’s conception 
of Grumman F9F Panther operating 
in Korea. 


W A2F-1 Intruder with total of thirty 500- 
pound bombs in clusters of three from 
wing stations. 





Operated as an air-to-ground, missile-carrying aircraft, or 
equipped to carry conventional weapons of all types as well as 
nuclear weapons, the A2F-1 Intruder provides an all-weather 
attack aircraft with extended range and heavy weapon capacity. 
In nuclear attack, the aircraft can come in low under enemy 
radar... too low for effective interference by enemy aircraft 
and ground fire. 

The Intruder provides a new capability in close support 
missions—provides. the nation with a powerful deterrent to 
prevent war and preserve peace. 


GRUMMAN 


INTERNATIONAL, INC, 


12 Avenue Hoche, Paris 8, France 









AIRCRAFT ENGINEERING CORPORATION 
Bethpage, New York, U.S.A. 
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Across world skies these days the new jet-powered air- 
liners are writing a proud chapter in aviation history. 


Supporting the magnificent performance, comfort and 
safety of these “heavenly bodies” is a group of Goodyear 
products developed especially for their advanced require- 
ments. They include tires able to withstand scorching 
high-speed take-offs and landings, powerful new brakes, 
and reliable skid-control devices. 


While this Goodyear “supporting cast” may draw cheers 
from few but professional airmen, it shares credit for 
the matchless reliability which makes the world look 
up to these new jets. 


If you’d like more information on these Goodyear con- 

tributions to the Jet Age, write to Goodyear Interna- 

tional Corporation, Aviation Products Division, Akron 
16, Ohio, U.S.A. 


Boeing 707 


Grumman Guifstream 


__. Take-off speeds between 248-320 
'_ kph with up to 136,080 kilos of jet- 
liner are daily routine for new 
Goodyear fabric-reinforced tire. 
Noted for longer initial wear and 
, oi longer retread wear, this rugged 
tire was s first divtieoel by ent for U.S. Air Force jet fighters. 
Fabric reinforcement in tread reduces excessive wear caused by 
high-speed take-offs and landings. Airlines around the world find 
that this Goodyear tire delivers the extra margin of safety and 
dependability required by jetliners. 


AVIATION PRODUCTS BY 
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Lockheed JetStar 


Convair 880 . 





Fairchild F-27 


Vickers Viscount 


Douglas DC-8 


the skys newest stars! 


| Helping carry the load of many 

jet-powered airliners in ground 

operations are Goodyear wheels 

| and brakes. Ready for the job were 

the Tri-Metallic Brake and Forged 

=. + Aluminum Wheel—developed espe- 

cially by Goodyear to meet the high load-carrying requirements of 
the new jets without adding extra weight. Again in 1960, as in 
each of the past 20 years, more commercial airliners are equipped 
with Goodyear Wheels and Brakes than all other makes combined. 


Avoiding a skid is essential for a 

giant jet landing at over 160 kph. 

Goodyear’s Anti-Skid System helps 

two ways: (1) Foot thumper sys- 

_ tem taps pilot’s shoes when any 

= wheel is about to skid. Pilot then 

eases up o on nig mace pedal. (2) Completely automatic system senses 
skid danger — releases brake pressure on about-to-skid wheel — 

applies pressure when danger has passed. Small and lightweight, 

systems can be combined as pilot-modulated system. 


More airmen land on 
Goodyear tires, wheels and brakes 
than on any other make 
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By our standards, 
| bicarbonate of soda 


Ps is an abrasive 


To produce the fabulously accurate Inertial 
Guidance Systems that we manufacture (in partnership with Minneapolis Honeywell) we have had to 
build a factory unlike any other you ever saw, and put into it devices of a most unusual kind. 
We do our “sand”-blasting with bicarbonate of soda—and our production-line inspectors use equipment that other 
works would be most proud to have in their standards room. 
We reckon we’ve got the most advanced facilities in Europe—but then, we are making the most sensitive and 
accurate instruments in the world. 
If you have a use for a gyroscope that is so nearly perfect that it only precesses 1/20th of a degree per hour, and 
so sensitive that it can find true North, without any outside aid, to within a few minutes of arc, or if you have a 
problem involving similar orders of precision— 


you should come and talk to us. “ENGLISH ELECTRIC” 


INERTIAL GUIDANCE 


INSTRUMENT WING @ GUIDED WEAPONS DIVISION 


ENGLISH ELECTRIC AVIATION LTD e LUTON AND STEVENAGE 
A Company of 









BRITISH AIRCRAFT CORPORATION 


ONE HUNDRED PALL MALL LONDON SW1 











We have to date supplied to 


FRANKFURT-RHEIN-MAIN 


airport a total of 16 airfield refuelers comprising 


3 of 10,000 |.G. capacity (1) 
2 of 8,800 |.G. capacity 

6 of 5,700 |.G. capacity 

5 of 3,960 |.G. capacity 

9 hydrant dispensers (2 & 3) 


For the ground service : 
4 ground power units 
of which 2 self-propelled (4) and 2 trailer type 
17 aircraft energizers (5) 
2 dual voltage units (6) 
2 frequency converters (7) 


STRUVER equipment is to be found 
on many airfields in Europe and abroad. 


AD. STRUVER KG HAMBURG 


Niendorfer Weg 11 — Phone 583141 — Telex 0211621 








(5) 








(6) 


(7) 
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AN UNPRECEDENTED 
EXAMPLE OF INTERNATIONAL 
INDUSTRIAL COOPERATION : 


the NATO sea_ reconnais- 
sance and_e anti-submarine 
aircraft 
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GENERALE DE TELEGRAPHIE SANS 
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S.A. DES ATELIERS D'AVIATION LOUIS BREGUET - 
SUD-AVIATION - N.V. KONINKLIJKE NEDERLANDSE VLIEGTUIGENFABRIEK FOKKER - DORNIER WERKE G.M.BH. - 
SOCIETE D’'EXPLOITATION DES MATERIELS HISPANO-SUIZA_- ROLLS-ROYCE LIMITED - COMPAGNIE 
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SOCIETE NATIONALE DE CONSTRUCTIONS AERONAUTIQUES 


ASSOCIATION BELGE POUR L'AVION PATROUILLEUR. 





ED. DE PORT-ROYAL 








& JET FLIGHTS EACH WEEK ! 


JOINTLY OPERATED BY AIR FRANCE AND 
JAPAN AIR LINES 


2 set flights over the pole 


First jet over the Pole, Air France’s Boeing Intercontinental makes the flight from 
Paris to Tokyo in only 16 hours ! Take off Tuesdays and Thursdays at noon. On 
board, you’ll be beautifully served by both French and Japanese hostesses (in 
national costume) — charming symbol of agreementsbetween Air France and Japan 


Air Lines. 
@ set flights via South East Asia 


Air France’s fast Boeing Intercontinental jet gives you the chance to spend a few 
hours or a few days as you please, at its stop-overs in Istanbul, Tel Aviv, Teheran, 
Karachi, New Delhi, Bangkok, Saigon, Hong Kong and Manila. 

Flights to Australia, Tahiti, New Caledonia and the Polynesian Islands and even 
California, in cooperation with T.A.I. From Los Angeles, Air France jets fly you 
swiftly home to Europe via Montreal. Departures from Paris for South East Asia 
on Tuesdays, Thursdays, Fridays, Sundays. 


First Ciass or Economy Class 


Be kind to your budget and fly Economy Class with special low rates — or be kind 
to yourself and fly First Class. Revel in the luxury, the Promenade Bar, the gastro- 
nomic menus. Relax in King-Size seats. 

















by 


the 


BOEING INTERCONTINENTAL AND CARAVELLE, PERFECTION IN JET TRAVEL ON THE WORLD’S LARGEST AIRLINE 


See your Travel Agent or Air France in London, Rome, Madrid, Frankfurt, Nice, Milan, Athens, Istanbul, Berlin, Bordeaux 
Brussels, Geneva, Hamburg, Moscow, Munich, Prague, Stockholm, Vienna, Zurich. In Paris: 119 Champs-Elysées - KEL. 61-61. 
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The month of May witnessed new records set by the McDonnell F4H fighter (left) and Convair's B-58 bomber (right). Both 


are powered by G.E. Mach 2+ J79 turbojets. 


McDonnell, Convair Jets Set New Records 


CINCINNATI, Ohio—Two U.S. Mach 2+ aircraft, 
powered by General Electric’s J79 turbojet, added to 
their long array of records by logging three new Jet 
Age milestones during the month of May. 


Within a three-week period, a U.S. Navy Mc- 
Donnell F4H won the Bendix Trophy while smashing 
cross-country speed records, a Convair B-58 clinched 
the long-unclaimed Blériot Cup, and another B-58 
flew a Mach 2 version of the historic Lindbergh flight. 


The Bendix Cup classic, the first held since 1957, 
witnessed three U.S. Navy F4H Phantom II’s: streak 
from Ontario International Airport in California to 
New York’s Floyd Bennett Field, with the fastest 
aircraft arriving in two hours and 47 minutes. All 
three of the J79-powered Phantom II’s bettered the 
previous cross-country record of three hours and 
seven minutes. 


Earlier in the month a U.S. Air Force B-58 Hustler 
sustained a speed of 1302 mph for 30 minutes and 


TWA, NEA 
INCREASE TBOs 


CINCINNATI, Ohio — Trans World Air Lines and 
Northeast Airlines have received FAA approval to 
increase Time Between Overhaul to 1000 hours for 
their CJ-805-3 turbojet engines. 


The General Electric CJ-805-3s had been in service 
for roughly four months, powering the two airlines’ 
Convair 880 jetliners. 


Commented T. J. Harris, G.E.’s manager of Com- 
mercial Engine Maintenance and Operations Engineer- 
ing, “ This rate of advance in allowable time between 
overhaul is extremely rapid from an industry stand- 
point ”. 


Under the FAA’s Turbine Engine Time Control 
Program, the G.E. turbojets are now considered 
“ substantially experienced” engines. This means 
that all subsequent operators of the Convair 880 will 
be able to enter service with an initial Time Between 
Overhaul of 1000 hours. The new authorization was 
effective May 1. 
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45 seconds over a rectangular closed course to qualify 
for permanent possession of the Blériot Cup. 


Awarded by the Aero Club of France, the trophy 
had stood unclaimed since 1930 when it was offered 
to the first aircraft that could hold a speed of 2000 kilo- 
meters per hour (1243 mph) for 30 minutes. 


The Hustler bomber, which was powered by four 
G.E. J79 turbojets, was flown by a crew of the USAF 
Strategic Air Command’s 43rd Bomb Wing from 
Carswell AFB, Texas. 


Two weeks later another G.E.-powered Convair 
Hustler re-enacted one of the most significant events 
in world aviation history when it flew over the 
Spirit of St. Louis New York-Paris route at almost 
Mach 2 speeds. Flying time was three hours and 
19 minutes and 41 seconds, slightly more than 1/10th 
of the 33% hours required for the 1927 flight. 


V/STOL Diverter Valve 
Proven Successful in Tests 


CINCINNATI, Ohio — A low-cost, light-weight 
valve that efficiently diverts engine exhaust flow to 
propel V/STOL aircraft has been built and tested 
successfully by General Electric’s Flight Propulsion 
Laboratory Department here. 


Added to a standard gas-generator as an exhaust- 
nozzle attachment, the valve permits exhaust gas to 
be employed for either horizontal flight or lifting 
purposes. The valve is designed so that exhaust 
gas may flow straight through or be diverted 90 
degrees to power direct-lift or lift-fan aircraft. 





Tests of full-scale valves have shown turning losses 
to be low. Thirty-one hours of engine testing includ- 
ed 13 hours above 95% speed and four five-hour 
endurance cycles without failure or performance 
deterioration. 


Further tests at Evendale have evaluated diverter 
valve performance during static testing of the G.E. 
lift-fan system. Full-scale fan-in-wing VTOL aircraft 
wind-tunnel tests at NASA Ames will be conducted 
later this year. 





Direct-lift VIOL Engines Under Study 





This VTOL direct-lift propulsion system, used in conjunction with primary turbojets, is being considered for 
supersonic aircraft of the future. Applicable high-thrust, lightweight direct-lift engines are currently under 


study at General Electric. 


During takeoff and landing, vertical thrust is provided both by small direct lift turbojets (A), and primary 
engines (B) using diverter valves. Bleed air directed to the wings and tail (C) controls stability. After transition 
to horizontal flight, the direct-lift turbojets will cut power and the primary powerplants will propel the aircraft 


at supersonic speeds. 
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New Engine Test System 
Is Moveable, 
Economical 


CINCINNATI, Ohio — A semi-permanent jet engine 
test system that can provide airlines with initial cost 
savings of approximately one-half to two-thirds over 
permanent concrete cells is now being offered by 
General Electric’s Los Angeles Aircraft Service Shop. 


Ideal for engine trouble-shooting and post-over- 
haul checkout, its performance compares favorably 
with that of permanent concrete type cells. It can 
readily be relocated or added to, providing flexibility 
and economies not feasible with permanent cells. 


A prototype cell is in operation at G.E.’s Aircraft 
Service Shop in Linden, N.J., where it is being used 
for overhaul and trouble-shooting of Convair 880 
CJ-805-3 engines. Its design also permits accommoda- 
tion of all other turbojet and turbofan engines of any 
manufacturer. 


The system is supplied with an air-conditioned 
control house containing instrumentation and engine 
operating controls. Aluminum construction assures 
durability, and space is ample for operators and 
attendants. Instruments are readily accessible via a 
walk-in area behind the control panel. 


The engine-run rocm was developed jointly with 
the Koppers Company, a leader in the field of jet 
engine sound control. Easily assembled, it resembles 
permanent concrete cells in shape and dimension. 
Room, inlet and exhaust silencers are constructed of 
steel plate. 


Complete information about these test cell facilities 
can be obtained by contacting the General Electric 
Company, Aircraft Service Shop, Ontario Interna- 
tional Airport, Ontario, California, U.S.A. 






A report about progress in research and 


products from the Flight Propulsion Divi- 
sion of the General Electric Company 





G.E. powered S-62 turbocopter is now providing speedy Bay Area shuttle service. 


$-62 Turbocopter Service Inaugurated 
in San Francisco-Oakland Area 


SAN FRANCISCO, Calif. — Sikorsky S-62 turbo- 
copter passenger service was recently inaugurated here 
by San Francisco & Oakland Helicopter Airlines. 


Initially, the airline plans service between downtown 
San Francisco and Oakland heliports, San Francisco 
and Metropolitan Oakland International Airports, and 
Berkeley and Palo Alto. The General Electric CT58- 
powered turbocopters will traverse these routes in 
flying times ranging from four to 12 minutes. 


According to Airline President M. F. Bagan, the 
inauguration climaxes more than 10 years of effort by 
San Francisco and Oakland to introduce passenger 
helicopter service similar to that enjoyed by Los 
Angeles, Chicago, and New York. 

“Our Bay Area operation,” Bagan said, “is going to be 
watched carefully. Unlike other scheduled helicopter 


Typical of General Electric's new semi-permanent engine test system is this unit in use at G.E.’s Linden (N.J.) Aircraft 
Service Shop. The small control house contains equipment needed to check out engines tested in the run-room at left. 






carriers, we are starting on a non-subsidy basis. If 
our belief that the Bay Area has the potential to 
support self-sufficient helicopter service proves 
correct, the long-heralded era of the helicopter could 
well become part of the scene in all major cities in the 
country.” 

Commenting on the Sikorsky S-62 helicopter, Bagan 
said: “Its turbine power allows it to operate very 
quietly. The excellent power-weight ratio of the 
General Electric CT58 engine and the 10-year-proven 
blades and components of this aircraft make it the 
most dependable helicopter ever built.” 


Sikorsky HSS-2 Sets 
Speed Record 


WASHINGTON, D.C.—AUSS. Navy Sikorsky HSS-2 
turbocopter recently claimed a new helicopter world 


speed record of 192.9 mph. Fastest speed was previous- 


ly 167 mph, a record claimed by the Russian Mil-6 in 
1959. 


The advanced submarine hunter-killer weapon system, 
powered by two General Electric T58 gas turbine 
engines, will soon enter USN fleet service. 


FOR MORE INFORMATION 


General Electric Company, Section 206-32, Schenec- 
tady 5, N.Y., U.S.A.: Please send me more infor- 
4i on 
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Talk about Alvis... 


...and you are talking about a versatile 
aero-engine, outstanding cross country wheeled 


vehicles, and, of course, a wonderful car... 


... talk about a fine organisation! 
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The panel at work (left to right): Neil Firestone (General 
Manager, Flight Propulsion Division, General Electric); 
Claudius Dornier, Jr. (Managing Director, Dornier-Werke); 
Paul Moroni (General Secretary of Civil and Commercial 
Aviation, France); Piero Venturini (Director of Alitalia, 
deputizing for Bruno Velani, Managing Director of Alitalia); 
Henri Ziegler (Chairman and Managing Director, Louis 
Breguet). 


Left to right: T. V. Jones (President, Northrop); 
G. Parsons (Vice-president, North European 
Division); W. E. Beall (Senior Vice-president, 


he function held in Paris on May 30th was, 
Boeing). 


so to speak, the climax of months of work 
on the part of entrants and judges. 
As can be seen from the most recent short-range 
traffic results, especially those from the USA, 
Interavia’s choice of subject for the 1961 Inter- 
national Essay Competition, namely “ What 
could be done during the next ten years to develop 
short-haul air transport (over distances of up to, say, 
600 miles) from the technical and economic points 
of views ?”’was well-timed. 
The 81 entries approached the subject from the 
most varied angles, and this made the selection of 
the winners none too easy a matter. The composition 
of the panel was, however, a guarantee that the 
essays would be judged with understanding. We 
reserve the right to publish essays in extract form 
The Chairman of the Panel of Adjudicators, Paul in future issues of Jnteravia. 
Moroni, announces the winners’ names. Right: Under the chairmanship of Paul Moroni, Secretary 
Marcel Devaud, Honorary Chairman of J/nteravia. General of Civil and Commercial Aviation in France, 
the Panel of Adjudicators assembled, in the same 
way as two years previously, in = private room at : Mme. C. Heiman (Member of the Board of 
__the Restaurant Drouant in Paris. The main Directors, Interavia) accompanied by Pro- 
participants, namely the prize-winners, were absent— fessor E. Amstutz (Chairman of the Board 
inevitably so, as they were not chosen until May of Directors, Interavia). 
30th. 
The first prize of $1,500 was awarded to a team 
of three: Dr. Erwin Skubinna, Helmut Brusberg, 
and Manfred John, all of Stuttgart, West Germany. 
The second prize of $1,000 went to J. F. Wildhaber of 
Lucerne, Switzerland, and the third prize of 
$500 was won by Raymond Nivet of Air France, who 
was one of the prize-winners in 1959. 
The ball is now with the short-haul operators. 
On their assessment will depend how far the 
proposals put forward by the prize-winners can be 


Left to right: Louis Pommery (Chairman of UAT); translated into reality. 
Jean-Richard Deshais (Chairman of CETA-Air Algérie); 
Maurice Heurteux (Vice-chairman of Hispano-Suiza; 


Chairman of the Air Show Committee). Wing Commander K. J. Powell (left); Admiral 


G. C. Ross (Hawker-Siddeley). 


Left: Henri Desbruéres, Chairman and Managing Left: Professor Claudius Dornier (Founder and Left to right: H. F. Alioth (Director of Pilatus-Werke); (partly hidden): 

Director of SNECMA); Air Commodore F. R. Managing Director of Dornier-Werke); Group General Georges Fayet (Chairman, TAI) and General P. M. Gallois 

Banks (Blackburn Aircraft, Ltd.). Captain M. Lowe (Napier & Son Ltd.). (GAMD); Professor Giuseppe Gabrielli (Director, Fiat Divisione 
Aviazione); General Giovanni Melotti (Fiat); General Alfredo Bruno 
(Chairman of AIA). 
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INTERNATIONAL 
MEETINGS AND CONFERENCES 


July 14th-23rd: Fifth Gliding Competition. 
Angers. 

July 15th: Royal Aero Club, King’s Cup. 
Coventry. 

July 16th-21st: Institute of Radio Engineers, 
Fourth International Conference on Bio- 
Medical Electronics. New York. 

July 17th-2ist:! AGARD Fluid Dynamics 
Panel. Subject : ‘Use of Rocket-Propelled 
Models in Flight Research”. The Hague. 

July 24th-26th: Electronic Maintenance 
Engineering Association, Air Traffic Con- 
trol Facilities Symposium, Washington, 
D.C. 

July 24th-26th: AGARD Avionics Panel. 
Technical Meeting. Subject: ‘‘Microminia- 
turization’’. Oslo. 

July 24th-26th: AGARD Structures and 
Materials Panel. Specialists’ Meeting of 
the Material Group. Oslo. 

July 25th-26th: Hispano-Portuguese Rally. 

July 25th-Aug. 10th: International Trade 
Fair and Aviation Exhibition. McCormick 
Place Exposition Center, Chicago, I11. 

July 27th-28th: llth AGARD General As- 
sembly. Subject: ‘Scientific Goals of 
Space Exploration and Research’’. Oslo. 

July 27th-29th: Royal Aero Club, Inter- 
national Business and Touring Aircraft 
Competition. Oxford. 

July 3ist-Aug. 11th: Virginia Polytechnic 
Institute, Conference on Physics of the 
Solar System and Re-entry Dynamics. 
Blacksburg. 

July 3ist-Aug. 2nd: AGARD Avionics Panel 
Technical Meeting. Subject: ‘Low Noise 
Electronics”. Oslo. 

July 3ist-Aug. 8th: First International 
Biophysical Congress. Stockholm. 

Aug. Ist-2nd: Airport Operators Council, 
Board of Directors Meeting. Washington, 
D.C. 

Aug. Ist-3rd: American Astronautical So- 
ciety, 4th Western Regional Meeting. San 
Francisco, Calif. 

Aug. Ist-12th: Sydney Trade Fair. Sydney. 

Aug. Ist-13th: Italian Gliding Champion- 
ships. 

Aug. 7th-9th: American Rocket Society, 
Guidance and Navigation Conference. 
Stanford University, Palo Alto, Calif. 

Aug. 16th-18th: American Rocket Society 
International Hypersonics Conference. 
MIT, Cambridge, Mass. 

Aug. 15th-17th: University of Michigan, 
Cryogenic Engineering Conference, Ann 
Arbor, Mich. 

Aug. 18th-20th: International Symposium 
on Chemical Reactions in the Upper and 
Lower Atmosphere. San Francisco. 

Aug. 22nd-25th: IRE, Western Electronics 
Show and Conference (WESCON). Cow 
Palace, San Francisco, Calif. 

Aug. 28rd-25th: ARS, Biennal Gas Dynamics 
Symposium. Evanston, I11. 

Aug. 23rd-27th: FAI European Air Rally, 
organized by the Austrian Aero Club. 
Aug. 27th-Sep. 3rd: International Parachut- 
ing Contest, organized by Svenska Falls- 

karms-Klubben. Uppsala (Sundbro). 

Aug. 28th-Sept. Ist: Second International 
Heat Transfer Conference. Univ. of Colo- 
radio. Boulder, Colo. 

Aug. 28th-Sep. Ist: Japanese Rocket Society, 
3rd International Symposium on Rockets 
and Astronautics. Tokyo. 

Symposium Committee Office: Jap. Rocket 
Soc., Yomiuri Newspaper Building, 1-3, 
Ginza Nishi, Chuo-ku, Tokyo. 

Aug. 29th: ICAO Diplomatic Conference on 

Third Party carriage. Montreal. 
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More Seats, Fewer Passengers, 
Lower Fares 


The intention of the eighteen IATA 
carriers operating over the North Atlantic 
is to confer in New York on July 18th, with 
the purpose of negotiating once more on the 
subject of a revision of Atlantic fares. 
“Confer” is in fact a euphemism, for what 
is at present going on between the Atlantic 
earriers could better be described as a 
violent disagreement. If business is good, 
competitors seldom get in each other’s hair. 
Unfortunately, however, in the last few 
years the business of the North Atlantic 
companies has seriously thinned. 

The number of passengers carried by 
regular services has, it is true, almost 
doubled during the 1957-1960 period; in 
fact it increased from 968,146 to 1,760,772. 
But the “value” of these passengers in 
terms of revenue has considerably receded. 
In 1957, total North Atlantic passenger 
volume comprised 228,648 first-class and 
739,498 tourist-class passengers, there being 
as yet no “economy” class. However, by 
1960, the picture changed. The number of 
first-class passengers increased to 306,266, 
i.e. to a minor extent only. Tourist class was 
abandoned (there was a small remainder of 
10,245 passengers in this class) and the bulk 
of the passengers, namely 1,444,261, chose 
the economy class, created in 1958. 

On the other hand, total seat capacity 
on the North Atlantic route rose from 
1,450,732 in 1957 to 2,740,648 in 1960 and 
the number of airlines participating in North 
Atlantic traffic from 15 to 18. 

In other words, the passenger load factor 
had not increased but decreased. From 1957 
to 1960 inclusive, the figures are 66.7 per- 
cent; 66.1 percent (for 1958, the year of 
economic recession); 66.0 percent; and 64.2 
percent, respectively. 

And, in 1961, this recession in the pas- 
senger load factor seems to be proceeding 
at an alarming rate. BOAC, for example, 
said that, of all their services, only the USA 
traffic was in distress. With all the 707s in 
service, the seats available on North Atlantic 
flights have risen by nearly 50 percent, 
whereas passenger volume has increased by 
only 10 percent. 


Other Atlantic carriers are having the 
same experience. The disappointing results 
of the first quarter of this year may still pass, 
as air transport is used to quieter business 
in the winter season. A bad omen is however 
that the summer takings, which generally 
put the gloss on the profit and loss account, 
seem to be going down the drain. According 
to the estimates of European and American 
airlines, which agree, the passenger load 
factor may drop below 50 percent for June, 
and an improvement is hardly to be expected 
in the remaining summer months since, 
according to the US passport authorities, 
West-East advance bookings have dropped 
by 6 percent for June and 5 percent for 
July, as compared with 1960. 


Even KLM Chairman Van der Beugel 
is perceptibly complaining, although not in 
terms of figures. In mid-June he told the 
Foreign Press Association in The Hague that 
passenger volume from and to the USA was 
far behind expectations—not only those of 
KLM, but also of the other European 
Atlantic carriers. 

The Netherlands flag-carrier has at pre- 
sent special grounds for displeasure, as its 
relations with the two large American inter- 


national operators, PAA and TWA, which 
have for many years been troubled, are now 
once again at a low ebb. 

PAA and TWA who, as is well known, are 
generally speaking not exactly allies, re- 
cently lodged a joint complaint against 
KLM with the American CAB, requesting 
that immediate steps be taken to reduce the 
capacity and frequency of Netherlands 
traffic with the USA to the level agreed 
in the US-Netherlands Air Traffic Agree- 
ment. The grounds of complaint are the old 
ones; KLM is accused of having violated 
the Agreement by abusing the “fifth 
freedom” and of carrying substantially more 
passengers and freight between the USA 
and third European countries than between 
the USA and Holland. It is said that, in 
1960, only 31,535 or 27 percent of KLM’s 
116,798 Atlantic passengers were accounted 
for by Holland-USA traffic. The two 
American companies are, moreover, said 
to have registered only 3,523 passengers in 
their Netherlands trade during the same 
year. 

Hardly had these shots been fired against 
KLM, when the two American concerns 
reloaded their guns and fired similar am- 
munition at SAS. They accused SAS of 
using Copenhagen as a “backdoor” for 
smuggling in excess traffic destined for third 
countries in Europe. Of the 91,906 passen- 
gers carried by SAS from and to New York, 
only 44,115 or 48 percent were, they claim, 
carried over the USA-Scandinavia or Sean- 
dinavia-USA. routes. The case of the 
SAS Los Angeles route was said to be 
similar. 


Whilst the giants get in each others’ 
hair, the smaller companies are not standing 
idle. The independent British airline, Cunard 
Eagle Airways, which is a subsidiary of the 
Cunard Steamship Company, has ordered 
two Boeing 707-465s, and is proposing to use 
them to operate a daily North Atlantic 
service from London to New York. Despite 
energetic protests by BOAC, British Air 
Transport Licensing Board approval has 
already been given, and CAB’s decision is 
understood to be imminent. 

In other words, the number of companies 
competing for the North Atlantic passengers 
is continually on the increase, and the Ame- 
rican companies are already anxiously 
asking themselves when the newly founded 
African Republics will be asking for traffic 
rights to the USA. 


The rates recently proposed for charter 
traffic are however even more disquieting. 
In late June, an aircraft belonging to the 
Flying Tiger Line arrived in New York, 
carrying passengers who were paying an 
all-in fare of $99 per head for the journey 
New York-Europe-New York. In 1961, 
this Line will run about twenty such flights, 
15 of which are reported to be already 
fully booked. 


Regular North Atlantic airlines cannot, 
of course, compete with such tariffs. 
Underlying the New York tariff conference 
mentioned at the beginning of this article 
is a proposal whereby, in the case of parties 
of at least 45, the return fare from New York 
to London should be reduced to $200 per 
head, compared with the present economy 
class jet fare of $486. A further proposal is 
aimed at the introduction of 23-day New 
York-London return tickets at $300. 














AERO POWER 





LIFTand THRUST from ONE ENGINE— 
the revolutionary Pegasus turbofan 























The new Bristol Siddeley Pegasus high-ratio turbofan represents a Conventional installation. Operational simplicity. Independent cf all 


major engineering breakthrough in the field of aircraft propulsion. fixed ground installations. 
Because the Pegasus can be fitted with movable nozzles evenly Problems of ground erosion, recirculation and ingestion of debris 
disposed around the centre of gravity which give directional control reduced to a minimum. 
to its total thrust, this remarkably versatile engine provides the The Bristol Siddeley Pegasus has already been selected for, and is 
airframe designer with a single power source for all conditions of flight. now undergoing trials in the Hawker P1127 VTOL light strike air- 
VTOL, STOL and normal take-off capability in the same aircraft. Suit- craft and is supported by the Mutual Weapons Development 
able for subsonic or supersonic applications. Programme for NATO. 


High by-pass ratio gives high thrust for low weight, low fuel con- 


sumption and low noise level. BRISTOL SIDDELEY ENGINES LIMITED 


TE 


TURBOJETS . TURBOFANS -. TURBOPROPS . RAMJETS . ROCKET ENGINES . MARINE AND INDUSTRIAL GAS TURBINES 
MARINE, RAIL AND INDUSTRIAL DIESEL ENGINES. PISTON ENGINES . PRECISION ENGINEERING PRODUCTS 
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WHAT WILL THIS VERSATILE TURBOJET DO NEXT? 


Pratt & Whitney Aircraft’s JT12 jet engine, which weighs only 436 pounds yet 
produces 3,000 pounds thrust, has demonstrated its versatility in a broad range 
of applications. 

It powers the single-engine Canadair CL-41, Canadian Air Force trainer; the twin- 
engine North American Sabreliner, newest U.S. Air Force trainer; the four-engine 
Lockheed JetStar, the world’s fastest executive transport, and its military counter- 
part, the C-140; and the Fairchild SD-5, U.S. Army reconnaissance drone. The 
West German DFS-582 high altitude research glider will also use the JT12. 

Add a free turbine and the JT12 becomes the Pratt & Whitney Aircraft JFTD12 
turboshaft engine, developing 4,050 shaft horsepower. Two of these give the 
Sikorsky S-64 Skycrane power to lift nine tons. The JFTD12 is also scheduled 
to power the Chance Vought ADAM, an advanced four-engine VTOL aircraft. 

A modified version of the JFTD12 for industrial uses will supply power for pumps, 
compressors, electric generators — and can be adapted for ships and earth- 
moving vehicles. 

What will this versatile turbojet engine do next? Perhaps it could work for you. 
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LFE MAKES SMALLEST, LIGHTEST, MOST ACCURATE 
DOPPLER NAVIGATION SYSTEM FOR V/STOL 


Up. Airborne. Away. V/STOL Doppler Navigation System aboard. LFE’s system handles 
problems peculiar to V/STOL navigation. Vertical flight. Negative velocity. All altitudes. High 
dynamic response for stabilization during vertical-to-horizontal flight transition. Wind dis- 
turbances. Weight /space limitations. 





LFE’s. Most accurate system made. Measures groundtrack velocity to better than 0.2%. 
Vertical velocity + 50,000 ft. per minute. Negative velocity to —180 knots. Groundspeed, to 
1600 knots. No altitude holes, zero to 70,000 feet. Wind memory for navigation without radar. 
Virtually impossible to detect, jam, decoy. All weather. All terrain. Sensitive to 4-knot varia- 
tions over entire velocity range. 


Smallest, lightest Doppler Navigation System, including antenna and computer. Smallest 
antenna aperture — with maximum aperture utilization. K-Band transmission. Low power 
output, consumption. Integrates as is with autopilot, nav-bomb and fire control systems, as 
well as pilotage displays. Unaffected by vibration-induced microphonics. For further details, 
write Dept. PI-24. 


LFE 
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LABORATORY FOR ELECTRONICS, INC. + Boston 15, Massachusetts 


Systems, Equipment & Components for Airborne Navigation « Radar & Surveillance » Ground Support + Hydraulic Control 
Automatic Vehicular Traffic Control + Electronic Data Processing * Microwave Instrumentation « Air Traffic Control 

















the only 


eG 


which can use 



















the same runways 





as its propeller-driven 








forbears 














Landing distance 4,820 feet 








Sud Aviation 


37. BOULEVARD DE MONTMORENCY. PARIS 16° TEL: BAG. 84-00 
CARAVELLE - registered trademark SUD-AVIATION CORP. SOO FIFTH - NEW-YORK 36 N.Y. U.S.A. 


the property of SUD-AVIATION 








x Utilizes the basic 
communication and 
control features of the 


PVT.1 and can be readily 


embodied in existing 
installations. 


MK Electronic facilities for 
plotting aircraft 
positions. 





Assists identification of 
primary radar echoes 
of aircraft. 


Designed for use with 
STC wide-aperture d.f. 
systems (C.A.D.F.), the 
PVT.2 is adaptable to 
other direction-finders. 


The display can be 
reproduced on television 
monitors to suit 
individual requirements 
or by back-projection 

on to large screens. 


Fuller details given in Radio Leaflet 312. 
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Television technique offers many advantages for information display in air 
traffic control and is being widely adopted. The display equipment for the 
PVT.2 automatic triangulation system employs closed-circuit television and 
represents a further stage in the development of the established STC 
triangulation system type PVT.1. This is a ground-based aircraft 
position-finder which has been in use, operating on regular v.h.f. 
communication frequencies, in Britain and elsewhere in Europe 
for several years, 





Standard Telephones and Cables Limited - yp 


Registered Office: Connaught House, Aldwych, London W.C.2 — 
RADIO SYSTEMS DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE - LONDON NI! 
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Bigger payloads 
— faster freight handling 
with the Short BELFAST Civil Freighter 


Civil versions of the Short Belfast freighter have been designed to carry 
payloads of 85,000 lb to 100,000 lb over ranges of 1,000 to 3,500 miles. 
This performance, together with cargo space of more than 10,000 cubic 
feet and a cross-section larger than that of any other aircraft, 

will open up exciting new possibilities for freight operators. 


TURN-ROUND TIMES CUT BY 99% RADIAL ARM VEHICLE LOADING [——————"™ 
USING “nal 
EXTENSION 





To enable operators to realise the Belfast’s immense 
work potential, Shorts have planned a new conveyor 
loading system. With this, the Belfast can be un- 
loaded and re-loaded within about 30 minutes—no 
longer than it takes the aircraft to re-fuel. Based on a 
terminal provided with a network of roller and ball 
conveyors, the Short system achieves savings of up to 
40 % reduction in man hours and more than 90 % 
reduction in aircraft time on the ground. This means 
greater utilisation of the aircraft with increased time 
in the air—and this means increased revenue for 
freight operators. 


ROLLER CONVEYORS 


SHORT BROTHERS & HARLAND LIMITED 


QUEENS ISLAND BELFAST NORTHERN IRELAND The first manufacturers of aircraft in the world 
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New Douglas pure jet cargo-passenger 














transport will cut direct air cargo 


costs to less than 4¢ per ton mile. 
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Here is the cost breakthrough long 
awaited by airlines and shippers. The 
Douglas Jet Trader will airlift 26 tons 
of freight and 54 passengers. Direct 
costs for coast-to-coast or interconti- 
nental operation will be less than 4 
cents per ton mile with only 27 pas- 
sengers. This ton-mile cost is based on 
passenger rates 20% lower than cur- 
rent non-jet economy fares. 


Cargo-Passenger Concept 
Solves the “One Way” 
Problem, Too 


Jet Trader passenger fares will more 
than pay costs on normally unprofit- 
able return flights, making reduction 
in tariffs possible. 


Most Modern Jet Transport 


of Its Era 


The Jet Trader gives passengers the 
same comfort and conveniences that 


the DC-8 all-passenger jetliners pro- 
vide. And it also incorporates the most 
modern techniques and equipment for 
handling freight. Its speed and range 
are comparable to those of the most 
advanced jetliners. 


Makes Vast Expansion of Air 
Freight Traffic Practical 


The Douglas Jet Trader opens a new 
era of mass cargo transportation by 
air. To equal its revenue potential, 
an all-cargo aircraft would have to 
be built one-third larger and have a 
capacity of 46 tons at equal range. 
It would have to carry a minimum 
of 23 tons of cargo to pay direct costs. 


Makes Debut in August, 1962 


First flight is scheduled for early 
August of next year. The huge cargo- 
passenger transports will be ready for 
airline operation in November, 1962. 


The Douglas Jet Trader will cruise at 575 mph, have 

a maximum range of more than 7,000 statute miles. Its four 
Pratt and Whitney JT 3D-3 fan engines provide 72,000 pounds 
of thrust. The freight section has an 86 x 140 inch forward 

door to accommodate the mechanized loading of nine large 
pallets. They will be moved through the cabin on rollers 

and guide rails and locked into place on floor tracks. 


New DC-SF Jet 
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4ght rates in half! 


FAR AHEAD 


Far ahead of the others is the F.27 Friendship. 

It can point to an excellent record put up in 4 Continents while accumulating more 
than 300,000 hours of smooth flying and proving its operational reliability and 
economic effectiveness. 

Today's Friendship incorporates a wealth of experience gained in 2% years hard, 
day-to-day airline service. 

It makes the Friendship the ideal replacement of the jack-of-all-air-trades, the 
DC-3 Dakota. 

ROYAL NETHERLANDS AIRCRAFT FACTORIES FOKKER 











THE MOST 
ACCURATE 
FLEXIBLE «no 







COMPREHENSIVE 





NAVIGATION 
SYSTEM FOR 
THE JET AGE 
THE DECCA 

NAVIGATOR 

















The only system capable of meeting all 
the navigational requirements of the jet 
age, the Decca Navigator provides high 
accuracy coverage over a wide area, 
regardless of altitude, terrain or climatic 
conditions. Withthe pictorial presentation 
of the Flight Log pilots can see all their 
required navigational information at a 
glance. All aircraft can maintain any pre- 
selected tracks with ease and accuracy 
and jets can be assigned climb and 
descent paths that permit them to operate 
safely and economically. 

Over 7,000 ships and aircraft already rely 
on Decca—using the same system which 
operates from the ground upwards. 


The Decca Navigator Company Ltd London 


INTERAVIA 7/1961 919 













" ‘ . s n 
en Ny ERR rt oP 
pruxeoasicenanimatr 


What's new in air transport? 


LUFTHANSA — Jets to South America 


Since May 20th, 1961, LUFTHANSA's fastest and most modern jet passenger aircraft—the new Boeing 720B—has also 
been flying on the South American route from Frankfurt. The timetable offers you two services a week via Paris-Dakar 
(from July ist, one a week via Paris and one a week via Zurich). You now fly at jet speed on your way to your destina- 
tion, South America, with a saving of nearly 15 hours- a big advantage, whether you are on business or holiday-bound. 
The one feature which has been retained is the select, individual service, no matter whether you choose first class 
“Senator” or the inexpensive economy class. 

Your [ATA Travel Bureau will gladly advise you. 

Don't forget—from now on you can fly to 5 towns in the South American continent by 


<q LUFTHANSA 
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Flight Tests 
Sensors 
Receivers 
Recorders 
Telemetric Equipment 


Aircraft Instruments 
Gyromagnetic compass 
Radio-compass 

Oxygen regulator 

Rate gyro 

All attitude gyro platform 

















automatic pilot 


for helicopter 











Av. Marcel R. Garnier, Massey (s. & 0.), France. Phone: 928-10-90 
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Unobstructed freight hold 46 ft. long, 10 ft. 
wide, 6 ft. 8 in. high. 





The Armstrong Whitworth Argosy, powered by Rolls-Royce Dart engines, will be 
delivered to British European Airways this autumn. 

Carrying heavier and bulkier loads, the Argosy has been designed for simultaneous 
double-end loading with the Rolamat cargo handling system. 

BEA Argosies will be operating to give manufacturers and exporters in Europe an 
even better air freight service. 


H AW K E R Ss 1 D D E LE Y AV l ATI @) N, 32 Duke Street, St. James's, London, S.W.1. 
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RESISTOFLEX GMBH. 
PFORZHEIM, WEST GERMANY 


RESISTOFLEX SA. 
ZUG, SWITZERLAND 


RESISTOFLEX ITALIANA SPA 
MILAN, ITALY 


ROFLEX-1 











TEFLON * HOSES 

INDISPENSABLE for advanced technical requirements 
INDISPENSABLE for aircraft, missiles and ground services 
whether civil or military 


FLUOROFLEX-T guarantees maximum reliability 
* Regd. Trade Mark of DUPONT 
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Leaders in 
technical progress 





HIGH EFFICIENCY HYDRAULIC PUMPS 


AIR-EQUIPEMENT’s long experience in the production 
of jet engine feed pumps — more than 6,000 have been built — 
has made it possible to design high-pressure hydraulic pumps 
of very high efficiency. 

Various types of pumps with outputs of 0.66 to 1.32 I.G/ 
min., 6.16 1.G./min, and 8.8 to 15.4 I.G./min, pressures ranging 
from 3,000 to 3,550 p.s.i. 3,750 r.p.m., weights between 4.4 and 
22.7 lb, are at present in series production. 





© Piceeer avusin 











CHARACTERISTICS OF MODEL 99300/10 
maximum cylinder capacity 1.22 cu. in. 

weight 14.8 Ib. 

nominal speed 3,750 r.p.m. 
adjustable output 8.8 to 15.4 1.G./min. 
nominal pressure 3000 p.s.i. 

power demand 29.5 h.p. 

overall efficiency 80% 

hydraulic liquid FHS. 1. 

operating temperature range —30°C to +80°C. 























sivsin AIR-EQUIPEMENT cetcsic0s,, ——=AB=— 








18, Rue Basly, ASNIERES (Seine) Tél. GRE 45-80 
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For all information, write to: 





TRHREE-~-REAT 5 SPA 


MORANE-SAULNIER 


MS-880 A “ Rallye Club” 
MS-880 B “ Rallye Club” 
MS-885 “ Super Rallye” 


MORANE-SAULNIER, 5 RUE VOLTA, PUTEAUX (SEINE), FRANCE 


ARGENTINA 


M. CLUZAUD — Crillon Hétel, Riva- 
davia 85 — CORDOBA (Argentine 
Republic) 

M. BOIRY, FRANIMEX — 281 Recon- 
quista — BUENOS AIRES (Argen- 
tine Republic) 


AUSTRALIA 


DE HAVILLAND AUSTRALIA — 
P.O.B. 30 — BANKSTOWN — 
NSW — (Australia) 


BRAZIL 


MAYRINK VEIGA — Casa Mayrink 
Veiga — 21, rua Mayrink Veiga — 
RIO DE JANEIRO (Brazil) 


CANADA 


RALLYE AIRCRAFT LTD — 202, 
Executive Bldg 509, 3rd Street S.W. 
— CALGARY — Alberta 


DENMARK 


SCANDINAVIAN AIR TRADING 
COMPANY — 112, Aabrinken — 
VIRUM-COPENHAGEN (Den- 
mark) 


GREAT BRITAIN 


Mr. J. N. SOMERS — LONDON 
AERO-CLUB — Panshanger Aero- 
ony — HERTFORD — HERTS 
(G.B. 


IRELAND 


IRISH TECHNICAL AND PRODUC- 
ban — 25 Up. Mount St. — DUBLIN 
(Eire) 


NETHERLAND 
Mr. .R. UGES — “HET OOSTEN” 
Spuistraat 21 — 's-GRAVENHAGE 
(Netherlands) 


NEW ZEALAND 


SEABROOK AND FOWLDS Ltd. — 
P.O.B. 265 — AUCKLAND C. 1 
(New Zealand) 


NORWAY 


Mr. CARL BODTKER — Radhusga- 
tan 25 — OSLO (Norway) 


= 90 h. p. Continental 

* 100 h. p. Continental 

® 145 h. p. Continental 
PORTUGAL 


Sociedade AERO-PORTUGUESA de 
REPRESENTACOES — Praca das 
Aguas Livres 81s 1/4 — LISBON 
(Portugal) 


SOUTH AFRICA 
DE HAVILLAND SOUTH AFRICA 
— 8257 Maritime House — P.O.B. 7105 
— JOHANNESBURG (S.A.) 
SWEDEN 


SAAB KUNGSANGEN — 
KOPPING (Sweden) 


NOR- 


U.S.A. 


M. N. DUPOUY, 1005 Benedicte 
Canon Drive — BEVERLY HILLS — 
CALIFORNIA (U.S.A.) 








SAFETY e ECONOMY 
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SIEMENS 

















* a 
Effective Planning Manifold traffic problems can be solved faster, with greater accuracy, and by 


more rational methods with the aid of the well-tried Siemens 2002 data proces- 


a ft ] 
in Air Traffic sing system. Electronic seat reservation is here an important technological : 
advance securing the optimum utilization of plane capacities at all times. i 
Questions of traffic planning and air traffic control have long been settled on P 
an international level, with traffic officials of all countries cooperating success- : 
fully on the basis of ICAO and IATA recommendations. Decades of experience tl 
have gone into designing the communications media here used. ; 
Our line of communications equipment includes special facilities for: 
Telephony Intercommunication > 
Radiotelephony Time announcing b 
Telegraphy Pneumatic tube conveyors 
Data processing Trouble-free power supply T 
Write for closer particulars to our Air Traffic Control Department, Vv 
Miinchen 25, Hofmannstrasse 51. — 
de 
en 


SIEMENS & HALSKE AKTIENGESELLSCHAFT tu 
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Keynotes 


We prophesied in the May issue of Jnteravia that NATO requirements 
would be the keynote of the Paris Air Show. And an attentive tour of the 
armament industry’s halls showed that the NATO powers are indeed pre- 
paring a series of interesting projects. What we missed, however, were 
tangible indications of those joint programmes, running into thousands of 
millions, which must have a decisive influence upon the European aviation 
industry in the next few years. There was but little to be learnt concerning 
the present state of the European F-104 construction project, or about the 
interesting equipment and armament of this single-seat multi-purpose 
aircraft. There were still fewer clues about the VTOL single-seat combat 
aircraft, which is being prepared in conformity with NATO specifications 
and is to be the successor to the Fiat G.91 and probably also to the Lock- 
heed F-104. Anyone who expected to find the Hawker P.1127, or at least 
an instructive cutaway model and descriptive material in Paris, was disap- 
pointed. And information about the Breguet 1150 Atlantic naval reconnais- 
sance aircraft and the Franco-German C.160 Transall battle zone transport 
was equally scanty. Apart from a few meagre hints, there was silence about 
the very existence of the European Hawk rocket programme, and other 
guided missiles, now under study for air defence and ground target attack, 
were not even mentioned by name. 

Much as one would like to do so, it is not possible to explain away this 
“discretion” purely on the grounds of military security. There could, of 
course, be visitors to the Salon who welcomed the absence from Le Bourget 
of the latest achievements in the military field, as this left more space for 
non-military matériel and brought the peaceful aspect of aviation to the 
fore. But is this not a piece of self-deception? For who would deny that the 
great aviation industries of the world live predominantly on military credits 
and that the advances made in the field of weapons technology also redound 
to the benefit of the civil sector? On the other hand, in view of the scope 
of future military procurement programmes, the public undoubtedly has a 
claim to learn more about the background to current planning and, above 
all, more details of the weapons themselves. How often have even those on the 
inside stood helplessly by in the face of decisions to cancel programmes for 
thousands of millions of dollars, and who could possibly appreciate the full 
implications of such tremendous decisions, unless himself adequately 
informed in advance about the programmes in question? 

We consider it our duty in future to give more complete reports about 
programmes of this type, not only for the sake of publicising such pro- 
grammes, but above all in the interest of the industry itself, whose health 
or sickness cannot be allowed to depend on arbitrary official decisions. In 
the tough, competitive struggle in which the aircraft, engine, and equipment 
producers are engaged, it would certainly be easier to keep quiet than to 
speak. 

Provided that the volume of orders is sufficient to give work for all 
established concerns and only the distribution of these orders is in question, 
then the way to real invigoration of the air and space industry will inevitably 
be found. 


The single-seat VTOL combat aircraft for NATO—an engine question. 


The first priority is to find a clear-cut way of bringing the European 
VTOL single-seat combat fighter into existence, and this is becoming more 
and more urgent. It is, of course, true that those development concerns, 
who are currently working on the airframe for an aircraft of this kind, 
depend to a large extent on the engine manufacturers. For years, the aero- 
engine industry has been promising them ultra-light high-powered jet 
turbines, whether in the form of lift engines (Rolls-Royce, Pratt & Whitney, 





SNECMA and General Electric) or of combined lift-and-thrust engines 
(Bristol Siddeley, and recently also General Electric). But these engines do 
not as yet seem to have reached a sufficiently advanced stage of development 
to provide the airframe constructors with a sure basis for ‘long-term 
planning. 

Whereas Rolls-Royce appeared in Paris with the well-known RB. 108 
and its further development, the RB. 145, and General Electric showed a 
new lift jet engine, developed from the J85, Bristol Siddeley Engines 
displayed a model of the BS. 53 Pegasus. The Pegasus now delivers some 
15,200 lb thrust and it is hoped to be able to increase this to 17,050 Ib. The 
takeoff thrust (vertical thrust) of over 33,000 lb demanded by some airframe 
constructors, would however be obtainable only with a further developed 
Pegasus engine, in which the cold air of the secondary stream is reheated in a 
plenum chamber, so that all four swivelling nozzles deliver a hot gas jet. A 
further development of this kind, designated the BS. 100, is already at an 
advanced stage of development and constitutes the basis of the delta wing 
type, with additional wings of variable sweep, planned by Fokker and Re- 
public. Other projects of British and French constructors are likewise 
based on this engine. Rolls-Royce, for its part, went over to an improved 
lift jet engine in the 4,400 Ib thrust class and now offers the RB. 162, which 
is to be further developed jointly under a three-party agreement between 
Great Britain, France, and Germany. The prototype of the French GAMD 
Balzac having already been fitted with eight Rolls-Royce RB. 108 lift jet 
engines (and one Bristol Orpheus thrust engine), Rolls-Royce is now to 
deliver 22 type RB. 162 lift jet engines to France, which are intended to 
equip the first GAMD Mirage Vertical series models. It is anticipated that 
further engines of this type, which will be supplied from 1966 onward for 
installation in the production aircraft, will be uprated to deliver an increase 
of 18 percent in thrust. The RB. 162 is also clearly planned as the engine 
for the VTOL project of the West German Entwicklungsring Siid, to replace 
the RB. 153 which was the engine intended until now. On the other hand, 
it has also become known that the RB. 153 is now to be used as a turboshaft 
engine for helicopters. 

A new lift jet engine is already distinguishable on the horizon; this is 
to be jointly developed by Pratt & Whitney, SNECMA and Bristol Siddeley. 


On the road to the European helicopter. 


The recent merger of Rolls-Royce and Napier in Britain brings the Derby 
engine manufacturer not only the Gazelle but also Napier’s general expe- 
rience in the development and installation of gas turbines in helicopters. 
If MAN, the German partner of Rolls-Royce, were also to become interested 
in the helicopter variant of the RB. 153, this could put the whole German 
medium helicopter construction programme in a new light. 


The question of building this standard helicopter is receiving attention 
not only in the Federal German Republic but also in France, Italy, Belgium 
and Holland, these countries wishing if possible to participate in a joint 
construction programme, as a result of which this rotating wing aircraft could 
become a NATO programme. At present the important thing is to reduce 
the various points of view to a common denominator; political considera- 
tions and, not least, delivery dates will naturally play a decisive part in this 
connection. 

The French and German Ministers of Defence having agreed in principle 
on cooperating over the further development of the Sud-Aviation S.A. 3200 
Frelon, it remains to be seen how Weser Flugzeugbau GmbH, and thus the 
Sikorsky Division of United Aircraft, will be associated with this project. 
Moreover, agreements have already been in existence for some time 
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whereby Sikorsky guarantees technical assistance to Sud-Aviation in building 
the five-blade rotor and other rotating parts, though some alterations will 
be still necessary in order to meet. the military desires of all interested 
parties. As far as the construction of the airframe is concerned, Sud- 
Aviation and Weser should be taking over the lion’s share, whereas Fiat 
could be associated with the project in manufacturing the reduction gearing. 


For Sud-Aviation, the matter is not only one of substantial construction 
orders but rather of completing the Fre/on large helicopter. This is shown 
not least by the fact that this concern has refused repeated requests from 
Boeing’s Vertol Division for the Toulouse facility’s participation in the 
license construction of the Vertol 107B. In any case, France will become 
the main partner in the building of a European helicopter and it is under- 
stood in informed circles that up to 1000 of them would be required in the 
course of a couple of years. 


Meanwhile, as is well known, the German Federal Government has 
ordered 90 American Sikorsky S-58 helicopters at a cost of DM 110 million, 
which will put a total of 141 helicopters of this type at the disposal of the 
German Bundeswehr. The purchase is to be paid for out of MSMS funds, 
settlement being on a government-to-government basis. So far, nothing is 
Officially known as regards delivery dates. Sikorsky is however in a position, 
after a certain initial period, to deliver these helicopters at the rate of about 























The projected Sud-Aviation Super Frelon in an anti-submarine version. At a takeoff 
weight of 25,300 lb, this helicopter has a patrol endurance of 3 hours at 47 miles from 
base, with 30 minutes fuel reserves. At 187 miles from base, this rotating wing aircraft 
still has one hour’s patrol endurance over the sea patrol area. As the picture shows, the 
sonar buoy and the winch for raising and lowering it are located in the centre of the 
fuselage under the rotor head. Two anti-submarine torpedoes can be carried, one on 
each side of the fuselage. 


five to eight helicopters per month. Against the background of the helicopter 
discussions which have been in progress in Western Germany for a long 
time, this interim solution is seen as a politico-economic one pending the 
final decision in favour of a modern turbo-helicopter. This decision should 
be directly connected with the more or less frozen financial negotiations 
between the USA and West Germany. 


The fact that work is going on at high pressure on the crane helicopter for 
the German armed forces, was shown by the mock-up of the front part of 
the fuselage of a Weser/Sikorsky S-64 exhibited at the joint stand of the 
German Aviation Industry in Paris. Whilst the Super Frelon, as a medium 
helicopter, would be able to transport a payload between 6,600 and 8,800 Ib 
at a takeoff weight of 24,200 lb, the WF/S-64 at a takeoff weight of 41,140 Ib, 
is said to lift up to 17,600 lb, powered for this purpose by two Pratt & 
Whitney JTFD-12A engines of 4,680 h.p. takeoff rating each. The proto- 
type’s engines will deliver only 4,100 h.p. 


Small and large S/VTOL transports 


There was no information in Paris about the battle zone transports 
with extreme STOL characteristics which are being called for by NATO. 
As is well known, NATO is investigating the modified Breguet 941 project, 
also the German Dornier Do31, and a project for a turboprop transport 
with swivelling engines put forward by an Italian study group under the 
direction of Ing. Steffanutti. Neither was there anything to be found out 
concerning the VTOL transport planned by the British and French Industry. 
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All the more can be said, therefore, about the Lockheed C-130C Hercules 
transport with boundary layer control which was demonstrated, both before 
and after the Paris Show, to all important European armed forces. That 
this aircraft is to be considered a STOL transport in the truest sense of the 
word was evidenced by the Hercules boundary layer control in Paris. The 
aircraft was, as is well known, thoroughly inspected by the British Aircraft 
Corp. and, once certain modifications have been carried out, should be 
offered, fitted with Rolls-Royce Tyne engines, to the British Air Ministry 
under the designation BAC. 222. This would be a replacement for the 
Blackburn Beverly. According to Interavia’s London representative, the 
likelihood of an American military transport being ordered for the Royal 
Air Force is small. As of recently the short-list comprises the British BAC. 
208 and AW. 681 types, as well as a version of the Short Britannic with 
boundary layer control. The AW. 681 would be equipped with four Bristol 
Siddeley BS. 53 lift/thrust jet engines mounted separate in engine nacelles 
and with pure lift jet engines at the wing tips. In the BAC. 208 the four lift/ 
thrust B.S. 53 jet engines would be housed in twin nacelles. As regards the 
Short Britannic, the air flow for boundary layer control would be pro- 
duced by auxiliary gas turbines in the fuselage. 


The Royal Air Force would probably require 40 aircraft of the BAC. 208 
or AW. 681 types, or some 20 aircraft of the much larger Short Britannic 
model. 


Competition in airborne guided missiles 


The first public appearance of the de Havilland Redtop and MATRA 
530 air-to-air rockets was noted with interest. After the agreement concluded 
between de Havilland and MATRA concerning future joint development, 
the possibility is not excluded that both rockets will be merged into one 
weapon, capable of operation with infra-red or, alternatively, with radar 
homing head. In the air-to-air rocket category the Hughes HM.55 and 
various further developed versions of Sidewinder are competing for entry 
into the NATO arsenal. The selection of a standardised air-to-ground guided 
missile, which could be carried by fighter bombers and ground attack aircraft, 
appears stiJl more urgent. In this category, the improved Martin Bullpup B 
and the Nord AS.30. would be in the running, with better chances for the 
latter. 

But Minneapolis Honeywell also demonstrated their Wag Tail concept 
to the defence authorities in a number of European countries. This is a 
rocket controlled by programming, guided by an inertial system, which 
could be used in conjunction with a side-looking radar against side-lying 
targets. As regards radar and fire control systems, most producers of such 
equipment shrouded themselves in enforced silence about their products, 
if one excludes the French CSF’s Cyrano fire control system and the Ferranti 
Airpass exhibits. The Mirage IIIs ordered by Australia are to be equipped 
with the Cyrano system whilst the choice of a fire control system for the 
Swiss Mirage III has not been made, CSF, Ferranti, and Hughes continue 
to compete for this contract by offering their latest products. As the 
Mirage has been making a great impression in the export markets, vigorous 
competition can be anticipated. 


And now to another event which, whilst it passed almost unnoticed and 
more or less on the fringe of other happenings in Paris, in fact deserves 
considerable attention. At the offices of the French concern, Air Liquide, 
and under the chairmanship of its President, Jean Delorme, the European 
Industrial Space Study Group (Eurospace) was inaugurated, with head- 
quarters at 75, Quai d’Orsay, Paris. The initial meeting was attended by 
scientists and representatives of industry from Belgium, Germany, France, 
Great Britain, Holland, Italy, and Sweden, whose presence underlined the 
interest of the European aircraft and electronic industries, as well as of 
certain chemical works, in space and space research. The initiative for 
creating this Study Group came from the British Hawker Siddeley Group 
and the French SEREB, and it is an endeavour not only to co-ordinate 
European space research projects, but also to look after the interests of 
member concerns vis-a-vis Government authorities and other potential 
buyers. Hardly had Eurospace come out with its plans, when AICMA 
announced its decision to change the Association’s name to “Association 
Internationale de Constructeurs de Matériel Aérospatial.”” In other words, 
the interest of European industrialists in rockets and space equipment is 
undeniably growing. But it is still too early to look in this field for the 
missing keynote of the 24th Paris Air Show. + 
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Le Bourget in Retrospect 


Wisi one may say, it was an impressive 
show, perhaps the most brilliant of its kind ever 
staged. And, seeing that this was an assembly of 
the world’s aircraft industries, which was at- 
tended by no less than 13 guest countries, it was 
legitimate to harbour expectations. Nor, in the 
event, was there any reason for disappointment 
on the part either of the organisers, who re- 
corded over half a million visitors, or of the 350 
exhibitors, who did not fail to make the most of 
the ten precious days at Le Bourget. They used 
Le Bourget for the purpose it was meant for, 
namely as a sales display for aeronautical and 
astronautical equipment of every conceivable 
category, and as a performance display, in which 
beneficial comparison could be made between 
individual competitors as to the state of the art. 


Even the extended building comprising three 
halls, which increased the covered exhibition 
area by about a third, could hardly accommo- 
date the profusion of products sent to Paris for 
the show. What visitor, after spending a week 
in the atmosphere of bustle and surprises which 
characterized the Paris Salon, could say that he 
had seen everything? 


Even more than in past years, new trends 
were concealed in the minute details of certain 
equipment or on small notices which most visi- 
tors hardly found time to read. The 24th Inter- 
national Air Show nevertheless revealed a great 
deal about the future of aviation, more clearly 
and unambiguously than ever before. These are 
the main tendencies which emerged: 


© The successful development of STOL aircraft 
and the broader and broader basis of such 
development; 

®@ The apparently effortless mastery of the speed 
range around Mach 2, which manifested itself 
at the Salon in the shape of nearly a dozen 
operational supersonic military aircraft; 


® An increased choice of specialized lift engines 
and ultra-light propulsive engines, which are 
on offer as powerplants for VTOL aircraft; 


© The progress of the gas turbine as powerplant 
in the touring and executive aircraft class; 


® The infectious optimism of some producers 
of sport and executive aircraft, who continue 
to bring out new models. This branch of the 
aircraft industry seems to be still in its in- 
fancy. 


In any event, behind all these developments 
is the reassuring certainty that a long life is still 
in store for the manned aircraft, even in the mi- 
litary field. 


* 


It is noteworthy that all these tendencies are 
already clearly discernible in an industry of me- 
dium dimensions, such as the French. Three 
groups in France, namely Breguet, Dassault, 
and Max Holste jointly with Sud-Aviation, are 
working energetically on STOL transport air- 
craft, not to mention the French industry’s 
VTOL projects. Both the Mirage Ill and 
Mirage IV combat aircraft by Dassault are 
amongst the most interesting Mach 2 models at 
present flying in the West. Small and medium- 
powered turboprops and jet engines for the 
present assure France a leading position in the 
market. The Turboméca Astazou turboprop 


seems ready to bring into being a completely 
new class of small transport and tourist aircraft. 
The fact that Morane-Saulnier has been able to 
sell over 500 of a four-seat tourist aircraft, con- 
struction of which has hardly started, is yet 
another proof of the energy which France is 
bringing to bear in this sector of the aircraft 
industry, too. 

Apart from the Short SC. 1 VTOL prototype, 
the British aircraft industry brought no sen- 
sational types to Paris. This restraint is, perhaps, 
attributable to Great Britain’s special economic 
and political position in relation to continental 
Europe. It would, nevertheless, have been inter- 
esting to learn something tangible about British 
plans for participation in forthcoming NATO 
projects, for several English concerns certainly 
have some very promising horses in their stables. 
Quite apart from the Hawker P.1127 single-seat 
VTOL aircraft with Bristol Siddeley engine, 
English Electric are developing a supersonic 
combat aircraft (the TSR 2) which, on account 
of its comprehensive equipment and armament, 
as well as of its reported takeoff and flight per- 
formances, may be in a class by itself, not only 
in Europe but perhaps in the West as a whole. 
Other British constructors have tactical and 
strategic jet transports with vertical takeoff 
characteristics on the drawing board and these, 
thanks to the help of Bristol Siddeley and Rolls- 
Royce, seem due to come to fruition earlier than 
the corresponding jet-powered projects of Ameri- 
can and Continental competition. One may well 
ask oneself whether English Electric’s Light- 
ning, which was impressive in the flight de- 
monstration, as well as its two-seat version, 
would not have also found a place in certain 
European and overseas Air Forces, had Great 
Britain made serious efforts to bring this about. 
We also noted the absence of the Blackburn 
Buccaneer NA.39, although certain competitive 
models to this twin-jet naval aircraft were de- 

































monstrated with a great deal of afterburner 
noise and no lack of public relations support. 

It seems, then, that the Paris representation 
of the most powerful European aircraft industry 
in no way reflected its importance. For the fu- 
ture, much may depend on the long hoped for 
cooperation between France and British con- 
structors. But are there at present any serious 
indications that Great Britain is dropping her 
reserve in readiness for active participation in 
continental aircraft projects and even, when 
occasion arises, for purchasing European 
matériel? 

It is, perhaps, even more difficult to gauge 
the future course of the Italian and German 
industries by the Paris Salon, although in both 
cases there are signs of further upward de- 
velopment. The main concern of German con- 
structors is for the immediate future, in other 
words completion of the F-104 and G.91 con- 
struction programmes, together with some other 
projects which likewise promise to become intra- 
European programmes. The model of a lift-jet 
engine nacelle on the Focke-Wulf stand, as well 
as the statements of the representatives of other 
German concerns, point to an interest in STOL 
and VTOL transport aircraft. Strict silence is 
still being preserved about the design work of 
Entwicklungsring Siid on the much discussed 
German VTOL single-seat fighter with swivel- 
ling engines. 

Belgium and the Netherlands are also first 
and foremost concerned with NATO orders, 
and the references to the European F-104 pro- 
gramme on the Belgian Industry’s joint stand 
stressed this activity. The Dutch Fokker concern 
put the Friendship into the forefront of its 
exhibit, but is in fact at present working at high 
pressure on the development of a VTOL single- 
seat aircraft, jointly with Republic. 

The original intention of Fokker and Re- 
public was to show this highly promising project 
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France’s GAMD Mirage Illc supersonic single-seat fighter (left) and the Mirage III-O prototype in front of the circular 
exhibition building. 































Boundary Layer Control. For the first time in Europe, Lockheed showed a research version of the Hercules C-130 trans- 
port aircraft with boundary layer control. The auxiliary air flow is provided by two modified Allison YT-56-A-6 turbo- 
engines, which are mounted under the outboard wings. Prior to the Paris Air Show, the aircraft was shown in England 
and, early in June, demonstration flights were given in Bonn and Rome. Lockheed offered license production rights to 
the British aircraft industry, in which case Rolls-Royce Tyne turboprops would be envisaged as powerplant. The latter 
would at the same time provide the necessary auxiliary air. 


The Grumman Gulfstream executive aircraft (with two Rolls-Royce Dart RDa 7/2 turboprops each 2135 e.h.p.) seems 
to offer all the prerequisites of a short-range civil aircraft. 
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to the Le Bourget public. Unfortunately, ai the 
last minute, this was prevented by military se- 
curity requirements and no model of this delta- 
winged fighter (with extra wings of variable 
sweep) was in fact exhibited; this is apparently 
because of the interest recently shown by the 
American military authorities in this VTOL 
model, which was developed in accordance 
with NATO specifications. Space considerations 
preclude discussion here of the years of pre- 
liminary work carried out by both concerns, and 
the systematic studies of NASA in the USA and 
of NLL, the Dutch aviation research laboratory, 
in respect of this aircraft. If SHAPE were to 
give the Fokker-Republic project its support, the 
Dutch aircraft industry would be confronted 
with entirely new tasks. 

Sweden, represented by Svenska Aeroplan AB 
and Flygmotor, continues to maintain silence 
concerning the Saab 37 supersonic STOL 
combat aircraft, which may be considered as 
without doubt the largest Swedish development 
project to date. Saab was largely content with 
showing a model of their Saab 105, the long- 
awaited twin-jet trainer and tourist aircraft, 
fitted with two Turboméca turbofans. 

It was, however, the USA which paraded on 
the broadest front. Everything was done to show 
off its products, which ranged from small 
sport and touring aircraft to large transport 
aircraft with boundary layer control, in the right 
light. The Americans understand how to sell, 
and the products they offer are available now. 
Even among the six Mach 2 military aircraft de- 
monstrated by the USAF and US Navy, there 
are some which would feel quite at home on 
European military bases. 

Interestingly enough, the US Navy also sent 
over from the aircraft carrier Forrestal, sta- 
tioned in the Mediterranean, a fighter, a carrier- 
based single-seat combat aircraft, as well as a 
radar early warning and anti-submarine aircraft. 
This at a time when European NATO powers 
are giving serious consideration to conducting 
naval warfare, say anti-submarine warfare, from 
the air. The North American Sabreliner T-39A 
twin-jet trainer — 94 of which have been con- 
structed on behalf of the USAF Training 
Command — and the Northrop T-38A Talon 
supersonic trainer (likewise twin-jet) — 213 of 
which are at present destined for the same 
Command — were constantly in the air and 
impressed dozens of European military repre- 
sentatives with their remarkable performances. 
The T-38 behaved like a true supersonic air- 
craft, climbed effortlessly at interceptor speed 
into the less used airspace above Le Bourget 
and, as some “pupils” told us afterwards, could 
only be restrained with difficulty from breaking 
through the sonic barrier. 

A separate article in this number is devoted 
to the Grumman Mohawk, whose single and 
twin engine antics must have astonished even 
experienced pilots. The highest military staffs 
probably cannot know today for certain 
whether a future war would stop at limited 
actions and whether the European powers 
would participate. It is, on the other hand, 
certain that the aircraft for the job is already 
available in the shape of the Mohawk and that, 
despite its moderate top speed, the aircraft 
should hardly be obsolete tomorrow. 

That aircraft can be sold to the customer in 
Paris in the same way as cars are sold at a motor 
show, was demonstrated by the Beech, Cessna 
and Piper concerns, who came to Le Bourget 
with a complete display of their latest types. 


x 


If we screen once again the film of the 61/2 
hour flight demonstrations held on the last two 
days in Paris, the motto of the whole show 
clearly emerges as “short takeoff, quick flight.” 
Nor is the fact that most STOL aircraft 














































































André Turcat, Chief Test Pilot of Nord-Aviation, is satisfied on leaving the Griffon 
research aircraft, which he has just demonstrated. Powerplant of this aircraft (the 
SNECMA Arar jet engine combined with Nord-Aviation ramjet) could serve as the 
basis for a Mach 3 engine for supersonic civil aircraft. 





A lasting impression was left by the flight 
demonstrations of the Grumman Mohawk 
army observation aircraft, (two Lycoming 
T-53-L-3 turboprops). A full description of 
the Mohawk is to be found elsewhere in this 
issue. 


Part of the US Navy’s exhibit at the Paris Air 
Show. The Grumman S82F Tracker anti-sub- 
marine aircraft (two Wright R-1820 piston 
engines). Below the fuselage is the spacious 
bomb bay, here shown open. 





View of the exhibition grounds. Left fore- 
ground: the six-to eight-seat North American 
T-39 jet trainer (two Pratt & Whitney JT-12 
engines with 3,000 lb. thrust each). Right 
background: mock up of a Breguet 942 STOL 
aircraft. 





Also demonstrated by the US Navy, the North American Vigilante 
A3J supersonic bomber (two General Electric J79 afterburner jet engines 
with some 15,000 Ib. thrust each). 








Mock up of Sud-Aviation’s Frelon SA 3210 turbo-helicopter. The Frelon may be pre- 
sumed to be the predecessor of a standard helicopter in the 12-ton weight class, to be 
developed jointly by several NATO powers. 
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shown were intended only for medium flying 
speeds proof to the contrary, for it is explained 
by their transport and feeder role. In the limited 
space of this article, it seems impossible to go 
systematically into all the aircraft demonstrated, 
and we are contenting ourselves with picking out 
a few typical examples, fully aware that many 
other types would have deserved equal attention. 
As regards the innumerable sport and touring 
aircraft, these will be left for a forthcoming 
issue of Interavia, which will be largely devoted 
to this topic. 

To begin with the host country, about half 
of the dozen new aircraft projects which France 
showed the public for the first time, were also 
shown in flight. The Max Holste M.260 Super 
Broussard, as further developed and constructed 
by Nord-Aviation, was presented in the colours 
of Royal Air Maroc and is waiting — ap- 
parently not in vain, as is shown by the options 
to date — for orders from regular airline 
operators, airmail services, and user companies. 
The same is true of the somewhat higher priced 
MH.262 pressure cabin version, which is under 
development. One surprise was the Max Holste 
MH.350 Broussard Major eight-seat small 
transport, a mock-up of whose fuselage was 
shown; this aircraft is to be equipped with two 
Continental engines, each 310 h. p. and may be 
considered as, so to speak, a comfortable new 
edition of the well-tried Broussard. About a 
month after its first flight, the prototype of the 
Potez 840 short range civil and executive air- 
craft came to Paris to look for buyers. This 
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Aeronautica Macchi-Lockheed Santa Maria six-seat 
tourist aircraft, with a six-cylinder Continental 10-470 
opposed engine of 265 h.p., carries a payload of up to 
850 Ib over a distance of some 560 miles. 


The Piper PA-23-250 Aztec five-seat tourist aircraft, with 
two Lycoming O-540 piston engines, each of 250 h.p., 
features a roomy cabin and luxurious internal fitments. 


The Armstrong Whitworth Argosy AW.660 military transport 
aircraft, with four Rolls-Royce Dart turboprops and rear 
loading ramp for load-dropping in flight. The AW.660 carries 
a maximum payload of 40,000 lb and in our photograph is 
shown taking on board an Alvis Saracen armoured vehicle. 





The Czechoslovakian State Aircraft Works’ L-200A executive 
aircraft, fitted with two M337 six-cylinder engines of 210 h.p. 
each. The roomy cabin can accomodate four passengers, 
besides the pilot. A turboprop version is understood to be in 
preparation. 





The largest aircraft at the 24th Paris Air Show, the Soviet Tupolev Tu-114 transport equipped with four Kuznetsoy 


NK-1217 turboprops of 12,000 s.h.p. each. 


elegant low-winged aircraft, offered at a price 
of some § 400,000, should also be able to find 
admirers in the USA who are ready to buy it 
for executive purposes. Although the Potez 840 
was designed to be equipped with four Astazou 
turboprops, United Aircraft Corp. is counting 
on its being possible to equip the American 
version with four Canadian Pratt & Whitney 
PT6 turboprops. The four-engine system was 
manifestly chosen with a view to higher oper- 
ational safety in case of engine failure, its large- 
area double flaps lying wholly within the 
slipstream so as to ensure good takeoff and 
landing characteristics. 

Commentary concerning the Morane-Saul- 
nier Rallye is almost superfluous, considering 
its recent sales success. At present an aircraft of 
the 885 series is on demonstration in the USA 
and, if this small four-seat touring aircraft meets 
with the same enthusiasm on the other side of 
the Atlantic as in Europe, a European producer 
will at last have achieved what dozens of Euro- 
pean aircraft constructors, small and large, have 
been vainly trying to do since the war. Morane- 
Saulnier has also completed the Paris III five- 
seat jet, which is characterized by a spacious 
pressurized cabin, large windows, and all the 
well-tried flight characteristics of its prede- 
cessor, the Paris II. A further surprise at this 
years Salon was the mock-up of the Spirale III, 
by Dassault and Sud-Aviation, exhibited in the 
hall, which is a development of the six-to-eight- 
seat Communauté and is offered as a light mili- 
tary transport with STOL characteristics. At a 
takeoff weight of some 22,000 Ib, the Spirale III 
would be able to carry a payload of some 
7,700 Ib for a distance of 560 miles, and would 
thus be a competitor to Breguet’s projected 
Breguet 945, equipped with the same engines 


License production rights for the Cessna 310F tourist air- 
craft, have been acquired by Max Holste. 





This small, low-wing two-seat aircraft was originally 
designed by the Swedish engineer Andreassen in the 
USA. The prototype was built by Malmé Flyg- 
industri. Development rights were then acquired by Bdl- 
kow-Apparatebau in West Germany, who offer the air 
craft under the designation Bélkow Junior. Behind is the 
mock up of the fuselage of the SIPA S.272 Présence 12-16 
seat short-range civil aircraft (with two Turboméca Aste 
zou II turboprops). 


Two ‘“débutantes”: left, the SIAT 222 four-seat sports and touring aircraft, constructed by the German Siebelwerke (all-metal construction, Lycoming O-360 four-cylinder opposed 
engine of 180 h.p.); right, the Scintex-Aviation Rubis ML. 145, likewise a four-seater, whose first flight took place one day before the opening of the Salon. 



















































ist air- 


ginally 
in the 

Flyg- 
y Bél- 
he air 
| is the 
12-16 
1 Asta 


pposed 




























Paris 1961 


(Turboméca Turmo Ills). Dassault was re- 
sponsible for the design and, provided orders 
are received for the Spirale III, Sud-Aviation is 
to take over the construction. The GAMD 
Mirage IVA, the prototype of which was de- 
monstrated in flight, is still veiled in military 
secrecy. At present, the aircraft is undergoing 
tests with complete airborne equipment; the 
navigation and target radar, in a lens-shaped 
housing under the fuselage, could be easily rec- 
ognised. There still seems a long way to go to 
the first flight tests of the Sud-Aviation Super- 
Caravelle, which was exhibited at the Air Show 
in model form and which, with its rounded 
delta-wings, is intended to reach speeds of up 
to Mach 2.2. A guessing game began in Paris 
as to the possible engines for the Super-Cara- 
velle and, with a glance at the Pratt & Whitney 
JT11 Mach 3 turbojet, on show for the first 
time, many observers thought they had found 
the right answer. Rolls-Royce, however, gives 
the assurance that the question is as yet by no 
means settled. Bristol Siddeley would also have 
a word to say if, yes if, the much discussed 
rapprochement between the British and French 
aircraft industries were to come off in good 
time. In contrast to the Dassault project for a 
supersonic civil aircraft to fly at Mach 2, the 
Sud-Aviation mock-up had no trace of control 
fins on the nose. It therefore remains to be seen 
whether the model in question really represents 
the final configuration of the aircraft. There 
was little to be learnt about the Transall C.160 
battle area transport, which is to be developed 
jointly by France and Germany, and not much 
more about NATO’s Breguet 1150 Atlantic 
naval patrol machine. In both types, the engine 
and undercarriage appear to be very advanced. 





The Morane-Saulnier Rallye four-seat aircraft was a best 
seller at the Paris Air Show. During the Salon alone, 165 
orders were booked, including an order for 80 machines 
from the Argentine, to be delivered in instalments. As we 
go to press, orders so far placed for aircraft of the Rallye 
family total 512. 


The uncontested hit of the British flight 
demonstrations was the Short SC.1, which 
reached Le Bourget safe and sound in a series of 
hops from the Royal Aircraft Establishment at 
Bedford, with five intermediate stops and six 
horizontal takeoffs. It is noteworthy that, on 
some of the intermediate airfields, the aircraft 
landed vertically — proof of Short’s confidence 
in this prototype. 

The STOL aircraft were led off by the 
Dornier Do 27 with Astazou turboprops, the 
Dornier Do 28, and the Pilatus Porter PC.6 
(likewise fitted with Astazou engines), followed 
by the effortless climb of the de Havilland 
Canada Caribou and the Breguet 940. Its further 
development, the battle zone transport, made its 
first flight at Toulouse whilst the Show was still 
on but, although four months ahead of pro- 
gramme, could not “make” Le Bourget. The 
rear was brought up by the largest STOL air- 
craft, Lockheed’s Hercules C-130C with bounda- 
ry layer blowing, which needed a takeoff run no 
more than a few times the length of the fuselage, 
and which then flew over the crowd of spec- 
tators at a speed of some 60 knots. 

In like manner, as a transition to the super- 
sonic military aircraft, the Italian Macchi 326 


Latest version of the Porter 
STOL aircraft, equipped 
with a Turboméca Astazou lI 
turboprop, opens up good 
export prospects for the 
Swiss Pilatus-Werke. Among 
countries interested in this 
aircraft are the USA, Ca- 
nada, and Peru. 





As the first of a series of 
sports and touring aircraft 
which are in preparation, 
British Executive and Gene- 
ral Aviation Ltd. (BEAGLE) 
presented the Airedale A-109 
four-seat aircraft. Equipped 
with a Lycoming four- 
cylinder 180 h. p. opposed 
engine, this high-wing air- 
craft carries four persons 
and baggage at a cruising 
speed of 137 m.p.h. over a 
distance of 437 miles. 





Mock up of the Max Holste 
Broussard Major MH. 350 
multi-purpose aircraft, which 
is gradually to replace the 
widely operating Broussard. 
Powerplant: two Continen- 
tal GIO-470A piston en- 
gines, each 315 h. p. takeoff 
rating. The constructor is 
reckoning on orders for a 
few hundred of these air- 
craft. The prototype is due 
to fly early in 1962. 


This five-seat tourist aircraft 
by Beech Aircraft Corpora- 
tion (equipped with two six- 
cylinder Continental I[0- 
470-L opposed engines, each 
260 h. p.) is designated the 
Baron. The version converted 
by SFERMA to two Asta- 
zou II turboprops is called 
the Marquis. 

























Equipped with a Turbo- 
méca Astazou II turboprop, 
this Dornier Do27 was 
shown to the general public 
for the first time. 
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An aircraft which the French industry is hoping to export: the 
Max Holste MH.260 Super Broussard short range transport, 


two Turboméca Bastan IV turboprops. 





In the same bracket as the civil aircraft mentioned above is the robust Avro 748 low-wing aircraft, like- 
wise powered by two Rolls-Royce Dart engines, which is currently being built under licence in India. 
At the Salon, Avro announced a further development, the 748 E, with lengthened fuselage, designed 
for a payload of 12,000 Ib. 



















This Caravelle, equipped with General Electric CJ805-23 turbofan engines is the 
predecessor to the Series VII. This aircraft and the first Caravelle VIR (two Rolls- 
Royce Avon RA. 29/6 engines) designed for United Airlines, demonstrated their takeoff 
and landing performances at Le Bourget and made an interesting comparison. 


World premiére of a small four-engine feeder aircraft, the Potez 840, with four Turboméca Astazou II turbo- 
props, each rated 530 e.h.p. at takeoff. The executive version has met with considerable interest in the U.S.A. 


aX 


Two short-range civil aircraft, both equipped with two Rolls-Royce Dart turboprops, which are still competing 
for the international market. The Handley Page Dart Herald (left) did not come into the running until later, and 
fostered by Government credits. The aircraft is equipped with has not yet scored as many orders as the Fokker Friendship (right). 










Two different STOL aircraft for similar jobs. Above, the 
Breguet 940 research model, equipped with four Turboméca 
Turmo II turboprops. The slipstream from the four coupled 
propellers flows over the entire span and the double-slotted 
flaps of the aircraft. Below, the de Havilland Canada Caribou, 
equipped with two Pratt & Whitney R2000 piston engines. 





jet trainer (Bristol Viper IJ engine) began its 
breakneck demonstration, followed by the 
precision aerobatics of Bill Bedford piloting the 
Hunter Trainer. Next to the quick-as-sound fly 
past of the six US Mach 2 aircraft — the 
Lockheed F-104C, the Republic F-105D, the 
McDonnell F4H, the Chance Vought F8U, the 
North American A3J and the Convair B-58 — 
the slow fly past of the Fokker Friendship, the 
Handley Page Dart Herald, and the Avro 748 
were reminiscent of those quiet days of flying, 
when the traffic at an airport made less noise 
than that heard today on a busy street in a large 
town. 


The last of the US supersonic aircraft to 
take off at a high angle with an ear-deafening 
roar and smoking afterburners was the Hustler 
B-58. After crossing the Atlantic in barely 31/2 
hours, it had landed in Le Bourget on May 26th 
(in 1927 Lindbergh needed 331/2 hours for the 
same trip) and thus commenced its first public 














—_ 


The Boeing-Vertol 107 tandem rotor helicopter, prototype of the US Army’s XHC-1 The Kaman H43B Huskie double rotor helicopter (Lycoming T53 engine) is, 
rotating wing helicopter (with two General Electric T58 engines). The civil version of like its predecessor, in use by the American forces as a multi-purpose helicopter, 


the Vertol 107 carries up to 30 passengers. 


The multi-purpose Agusta-Bell 204B (with de Havilland 
Gnome turbo-engine) can carry up to 12 persons, pilot 
included, and its top speed is 135 m.p.h. Type 204B is 
under consideration by the German armed forces as an 
interim type for frontier protection and patrol duties. 


This one-man helicopter by Gyrodyne, fitted with a 
Porsche air-cooled engine, is impressive for its versatility. 
The piloting of this aircraft is a comparatively simple 
matter. 

Vv 


demonstration in Europe. It is sad to have to 
record that the B-58 crashed on June 3rd, a few 
seconds after a sonic flight over the Le Bourget 
runway. The last radio contact between the 
control tower and the pilot shows that, after a 
slow climbing roll, the aircraft for some un- 
known reason went out of control and then 
crashed a few kilometres north-east of the run- 
way. This unfortunate occurrence naturaily 
overshadowed the rest of the flight demon- 
strations, with the result that the Patrouille de 
France’s formation flights, the aerobatic display 
by 74 Squadron, RAF on Lightnings, the per- 
formancy by 800 Squadron, Royal Navy on 
Scimitars, and the mass fly-pasts of French and 
US military aircraft did not receive altogether 
appropriate attention. Justice cannot here be 
done to the many interesting demonstrations, 
such as the comparison flights of two Cara- 
velles, one with General Electric CJ805-23 fan 
engines, and the other with Rolls-Royce Avon 
RA.29 single-flow engines, and the thrilling 


the USAF using it for recovery and life-saving duties. 


The Sikorsky HSS-2 amphibious heli- 
copter, in use by the US Navy, is 
equipped with two General Electric 
T58 engines. It is intended in the first 
place for an anti-submarine role and 
can also be used as a troop transpor- 
ter, in which case it carries up to 25 
men with full equipment. Last May 
an HSS-2 set up two speed records, 
including the world’s best speed per- 
formance, namely 194 m.p.h. on a 
straight course. 


‘et 


The Sud-Aviation SE.3160 Alouette III helicopters (Turboméca Artouste 1/1B engines) take off at a mass demonstration 
of about a dozen Sud-Aviation helicopters. In the usual version, these helicopters carry seven persons but, 
minus doors, can transport eight soldiers with full equipment. 


In the foreground, the four-seat Italian Aer Lualdi L. 59 helicopter (Continental 10-470 260 h.p. piston engine); behind, 
the prototype of the Sud-Aviation Fre/on SE.3200 large helicopter (three Turboméca Turmo IIIB engines). 











The “‘Patrouille de France’ with its GAMD Mystére IVAs. 


936 INTERAVIA 7/1961 


The GAMD Mirage /V after air refuelling by the SO.4050 
Vautour twin-jet. 


The GAMD Etendard IVM 


carrier-based naval 


combat 


aircraft with Sidewinder rockets 


and rocket pods. 


Aerobatics by 74 Squadron, 
RAF, equipped with English 
Electric P.1B Lightning su- 
personic fighters. 


Three Vickers Scimitar su- 
personic fighters belonging 
to the Royal Navy at the 
takeoff for a joint flight 
demonstration of Scimitars 
and Sea Vixens. The latter 
had taken off from the 
British Aircraft Carrier 
Hermes. 


The Short SC.1 had reached 
Le Bourget in several short 
hops, and was displayed on 
the continent of Europe for 
the first time. 


helicopter flights. Sud-Aviation displayed the 
complete range of its helicopters, from the 
Alouette II to the Frelon, using an impressive 
flag-bedecked helicopter circus to demonstrate 
the adaptability and controllability of modern 
helicopters. Next to the powerful Sikorsky 
HSS-2 and the Boeing-Vertol 107 tandem-rotor 
helicopters, the by no means small Bell and 
Agusta multi-purpose helicopters seemed like 
dragonflies, whilst the Kaman Huskie H43B 
double-rotor helicopter whirled through the air 
at a leisurely pace. 

We already noted at the 23rd Paris Air Show 
two years ago that the flight demonstrations at 
Le Bourget are threatening to become longer 
and longer. If there is no way of concentrating 
the demonstration still more, and one must 
admit that, in view of the fact that the control 
tower is overloaded (and in view of the chaotic 
conditions in Le Bourget’s airspace), this now 
seems hardly possible, consideration should be 
given in forthcoming years to separating the 
demonstrations of sport, touring and civil air- 
craft from those of the substantially faster mili- 
tary aircraft, and to spreading the flights over 
two days. Had the aircraft industries of the 
Eastern Bloc participated in the 24th Air Show 
to the extent originally hoped, the capacity of 
the exhibition hall and the flight demonstration 
timetable would in any case have been seriously 
overloaded. 

What will the 25th Air Show have in store? 
More about the coming supersonic civil aircraft? 
Maybe. Domination of guided missiles? Hardly. 
But what the next Paris Air Show will certainly 
produce is concrete information about the 
VTOL and STOL aircraft for NATO. + 











Four Douglas A3D Skywarriors, belonging 
to the US Navy, came from the US Aircraft 
Carrier Forrestal, stationed in the Mediter- 
ranean, on a short visit to Le Bourget. 


Slow flight of the Lockheed 
Hercules aircraft with bound- 
ary layer control, wing flaps 
extended and stern loading 
door open, 


The Republic F-105 Thunderchief, in course 
of landing with brake parachute. 


On May 26th, this Convair 
Hustler B.58 supersonic bom- 
ber flew from New York to 
Paris in the record time of 
3 hours 19 minutes. It is 
tragic to record that, on the 
first day of flight demonstra- 
tion, the aircraft crashed in 
the neighbourhood of Le 
Bourget a few seconds after 
this photograph was taken. 


< 


> 


Quick fly-past of the Chance- 
Vought supersonic F8U 
Crusader carrier-tgsed 
fighter. 


The Northrop T-38 Talon 
was constantly in the air 
during the Paris Salon, 
giving representatives of the 
armed forces of various 
European countries the op- 
portunity to get to know 
this aircraft. 


« 


- 


With its brake parachute 
open, the McDonnell F4H 
Phantom IT fighter-intercep- 
tor does not require even 
half the landing runway at 
Le Bourget. 
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F comparison with the imposing display of guided 
missiles in 1959, this year’s exhibition of rockets 
certainly seemed rather modest. This was to be 
attributed mainly to the fact that the Americans 
apparently saw no reason for putting their arsenal 
of tactical and strategic rockets on show again, 
although substantial new developments, such as the 
Minuteman, Polaris, Sergeant, Hawk, Tartar, Sparrow 
III, Falcon GAR 11, and Redeye, have reached fruition 
since the last Paris Air Show. On the other hand, the 
USA laid all the more stress on manned aircraft, a 
tendency which emerges more clearly still in President 
Kennedy’s last message and in the 1961/62 Defense 
Budget passed by Congress. As regards rockets, the 
individual constructors confined their publicity to 
small models and illustrated brochures. The Pershing 
tactical rocket, a half-size model of which, together 
with its mobile transporter-erector-launcher, was 
shown on the Martin stand, constituted an exception. 
This rocket appeared to be on direct offer to interested 
European NATO Powers, and it was not only in the 
optical sense that it overshadowed all other exhibits 
in the main hall. And this is not to imply in any way 
that other U.S. producers were less interested in the 
European military market. A full report on the Per- 
shing rocket will be found elsewhere in this number. 

In the missile park, two countries dominated, 
namely the host country and Great Britain. Nord- 
Aviation showed the CT.41 supersonic target drone 
and the SS.11 anti-tank rocket, including projector, 
mounted on an armoured chassis, as well as an 
Alouette II helicopter. Inside the large hall were also 
to be found the air-to-ground version of the Nord 
SS.11, which is in mass production, and one of the 
AS.12s currently under development. Making their 
début at the Air Show were, amongst others, the 
Nord AS.30 air-to-ground guided missiles and the 
Matra R.530 rockets, which were shown in the open 
as well as inside the hall; these are standard armament 
in the GAMD Mirage IIIC, in which NATO has also 


938 INTERAVIA 7/1961 


Restrained Rocketry 



















































been recently showing interest. The AS.30 would be 
a possibility as armament of the Lockheed F-104G 
and of other single-seat fighters, and is to be adapted 
to the carrier aircraft concerned under a NATO pro- 
gramme. It is moreover intended as armament for 
the Mirage IIIE. Sud-Aviation presented the Bélier 
and Centaure research rockets, which have been 
developed on behalf of the Centre National d’Etudes 
et de Télécommunications. 

S.T.C.A.N. displayed certain naval guided 
missiles, including the Latécoére Malafon II anti-sub- 
marine missile. O.N.E.R.A. brought the Antarés and 
the Bérénice altitudes research rockets and space- 
probes to Le Bourget. 

Piéce de résistance of the exhibitjon of British 
missiles was the BAC Blue Water army rocket, on 
show to the public for the first time, which, together 
with the English Electric Thunderbird, was exhibited in 
a fenced-off enclosure, where British Army personnel 
demonstrated weapons drill on both rockets. The 
display of the complete Blue Water system showed 
impressively how simple is the handling and how 
brief the reaction time of modern tactical rockets in 


The MATRA R.530 two- 
stage air-to-air guided mis- 
sile will be standard French 
Air Force equipment. The 
MATRA R.530, which can 
be equipped either with an 
infra-red or a semi-active 
radar homing head, can be 
employed at any altitude up 
to 100,000 ft. The clearly 
distinguishable lateral con- 
trol surfaces (on the two 
fins) keep roll rate constant, 
whilst the cruciform tail 
control surfaces serve for 
yaw and pitch control. 

Length: 11.15 ft, body dia- 
meter: 0.86 ft, span: 3.63 ft, 
launch weight: 429 Ib. 


development. 


There are good prospects 
for the Nord-Aviation AS.30 
in the NATO competition 
for a standard air-to-ground 
guided missile. At present, 
Nord is working on the 
standardization of the equip- 
ment of the AS.30 and its 
smaller predecessor, the AS. 
20. The AS.30 has a two- 
stage solid propellant en- 
gine, and is radio guided. 
Length is 12.87 ft, body dia- 
meter 1.12 ft, span 3.3 ft, 
launch weight 1,100 Ib, and 
weight of warhead 506 Ib. 








comparison with their predecessors of the last decade. 

Great Britain had two more novelties to show. The 
first was the Short Brothers & Harland Seacat 2 with 
delta wings which, like its predecessor the Seacat /, 
is for naval use against low-level aircraft but which, 
unlike Seacat /, is reported to reach a high super- 
sonic speed and substantially greater altitudes. This 
weapon was produced with the constructor’s own 
resources, and incorporates equipment and guidance 
elements of the Seacat /. The second novelty was Red 
Top successor to Firestreak, presented by Hawker 
Siddeley. Red Top is- equipped with an infra-red 
homing head and can, if required, be equipped with 
a nuclear warhead, which it will deliver for distances 
up to some eight miles. 

The Société Matra and de Havilland having recently 
concluded an agreement concerning joint development 
of guided missiles and electronic equipment, it is 
obvious that de Havilland will be contributing its 
experience in infra-red homing heads and the French 
concern its knowledge of radar homing head construc- 
tion, in order jointly to develop a standard rocket in 
conformity with NATO specifications. 


Left: This two-stage altitude research rocket by B6lkow-Entwicklungen, Ottobrunn, 
near Munich, can lift a payload of 11 Ib to an altitude of 50 miles. Automatic flight 
control equipment, for returning the rocket to its starting point, is at present under 


Right: On view for the first time was this mock-up of the Short supersonic anti-aircraft 
rocket, the Seacat 2. This version, for development of which the Company relied en- 
tirely on its own resources, is very different in configuration from Seacat 1, but it is 
understood that certain parts of the equipment are common to both. Further details 
are not expected from the constructor until Farnborough. 














Bel 





The country predominating in the missile park is the host 
country. In the foreground, the Latécoére Malafon II 
anti-submarine missile for launching by surface vessels, 
overtopped by the Masurca two-stage anti-aircraft 
rocket, which the French Navy developed itself. Behind, 
the Nord CT.41 supersonic target drone and, at the back, 
the Bérénice altitude research rocket developed by 
O.N.E.R.A. 
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As was demonstrated a number of times every day by 
British artillerymen, ten minutes suffice to bring the 
BAC Blue Water medium-range rocket into position for 
firing. In the following timetable, T is time of actual 
firing and timings are given in minutes. 

T minus 10: after the target is set, the coordinates are 
fed into a computer, which is carried on a Land Rover. 
The computer delivers a rough range bearing on which 
the theodolite is immediately aligned. T minus 9: the exact 
range bearing is available, so that the theodolite align- 
ment can be accurately adjusted. T minus 8: the launcher- 
vehicle goes into final position and halts. The Land Rover 
goes alongside and the computer transfers data into the 
missile’s inertial guidance system. T minus 5: the Land 
Rover returns to cover. At the same time, the launch plat- 
form is aligned. Inside the rocket, the gyros run up and 
the platform is aligned. The firing cable is laid out. T 
minus 11; the adjustment equipment is disconnected and 
removed to cover. The crew also takes over. The last 
stages (checkout tests and switch on of internal supplies) 
are proceeding automatically inside the missile. The 
rocket elevates. T: the rocket fires. T plus 2: the launcher 
leaves the firing position. > 


As an example of a type of guided missile system 
for installation in aircraft, Hughes showed its HM.55 
rocket with the fire control system appertaining to it. 
Hughes, too, is after the European NATO market and 
has recently had considerable success in Sweden with 
the Falcon rocket. Unfortunately, considerations of 
space prevent us from going into detail of the other 
missiles on show at Le Bourget. 

Mention should, however, be made of the altitude 
research and weather observation rockets, for which 
many constructors reckon on good export prospects, 
seeing that the U.S. Weather Bureau and certain 
European authorities intend to go over increasingly Two wire-guided anti-tank weapons. Right: the B6lkow 810 Cobra, 
to systematic measurement by means of rocket probes. a light weapon, here shown mounted on a Jeep. Above: the Nord 
Apart from the French concerns already noted and SS.11, three times heavier but with double range (214 miles). 
the research centres, B6lkow, Bombrini Parodi-Delfino 
and Bristol Aerojet came out with new developments. 

It may well be said that rockets for non-military pur- 
poses are now to be had “‘cheaply” on the market. ++ 














Hughes put on show the HM.55 air-to-air guided missile belonging to the Falcon family. Red Top is the designation of the rocket developed by de Havilland Aircraft from Fire- 
Below, in model form, the weapon guidance system for the Convair F-102 Delta Dagger. streak. According to the constructor, the performance of Red Top considerably out- 
classes that of its predecessor. The infra-red homing head is enclosed in eight optical 
glass plates. 
1 2 

















Personalities of the French Pa = ers 


Aviation Industry 





1 — Behind the model of the Mirage IV (left to right): 
H. Desbruéres, Chairman and Managing Director of 
SNECMA; S.C. Valliéres, Managing Director of GAMD;; 
M. Messmer, French Minister of Defence; S. Dassault, 
Director of Flight Testing at GAMD; General P. Stehlin, 
Chief of Staff, French Air Force; M. Guibert, Director 
of Production at GAMD. 2-—On the Breguet stand, 
behind the model of the Breguet Atlantic 1150: H. Des- 
bruéres of SNECMA;; H. Ziegler, Managing Director of 
Breguet; M. Messmer, Minister of Defence; General 4 
G. Lavaud, Délégué Ministériel 4 l’Armement; S. Floi- 
rat, Chairman of Breguet; General P. Stehlin; General 
M. H. Valin of the Conseil Supérieur de I’ Air. 
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Prototype of the four-seat 
Potez-Heinkel CM.192 (two 
Turboméca Marboré VI en- 
gines of 1,056 Ib thrust each). 


< 


a 
Model of the short-range HD. 
130 transport offered by Hurel- 
Dubois for either 15 passengers 
or 3,925 Ib freight. Engines: 
two Turboméca Astazou Il 
turboprops. 


Mock-up of the fuselage of the Dassault-Sud Spirale III, 
one of the surprises of the Show, which has been devel- 
oped from the Spirale OI by “multiplying by 1.3.” 
Powered by two Turboméca Turmo IIID turboprops, each 
with 1,300 h.p. takeoff rating, this high-winged aircraft 
with its tail loading ramp is to carry a payload of 7,700 Ib 
for 531 miles. 


The Svenska Aeroplan Aktiebolaget furnished Visitors to 
the Salon with full information concerning its new Saab 
105 project. This high-winged aircraft, designed pre- 
dominantly for military purposes (training and ground 
support), is to have two by-pass jet engines, derived from 
the Bastan, each of 1,540 Ib thrust. The prototype’s first 
flight will probably take place early in 1963. 


One of the main attractions of the Salon was the model > 
of the Super Caravelle, designed for Mach 2.2. If ade- 
quate Government support is forthcoming, the proto- 
type could, according to Sud-Aviation, be airborne in 
1965. Sud-Aviation and Dassault would both participate 

in its construction. 


FIAT exhibited sketches of the projected G.95 STOL Model of the PD-808 twin-jet executive aircraft, jointly Aero-Commander displayed its Jet Commander twin-jet 

combat aircraft. Four lift jet engines, as yet undesignated, developed by Douglas and Piaggio. The first prototype aircraft in the form of a model. Equipped with two 

provide lift in hover flight. Moreover, the gas flow of the is already in construction at Piaggio and should start flight General Electric CJ-610 engines of 2,860 Ib thrust each, 

two main engines can be deflected downwards. tests in mid-1962. this aircraft (designed for four-six passengers) is intended 
to reach a cruising speed of over 500 m.p.h. 


3 — M. Mazer, Chairman of Nord-Aviation; M. Poniatowski of Hispano-Suiza; M. Heurteux, Vice-Chairman of Hispano-Suiza. 4 - M. Mazer of Nord-Aviation; General Lavaud; 
J. N. Adenot of the USIA. 5-G. Héreil, Chairman and Managing Director of Sud-Aviation. , 6 — H. Potez, Managing Director of Potez-Air Fouga; J. N. Adenot of the USIA; 
M. Messmer, Minister of Defence. 
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General Electric’s lift jet engine, developed from the J85. Lift jet engines by Rolls-Royce. Left: two RB.108s, paired to form one unit, as installed in the Short SC.1. Right: a 
Thrust 3,036 Ib, weight 395 Ib. further development with afterburner, the RB.145, gives 2,750 lb thrust without, and over 3,750 Ib with, afterburner. 
Like the RB.108, the RB.145 can be installed so as to swivel. 


The Rolls-Royce Spey RB.163 
bypass engine develops 9,850 
Ib static thrust at a weight of 
2,200 Ib. Specific fuel con- 
sumption in cruise flight is 
estimated at 0.57 lb/ib/h. En- 
gines of this type will be used 
in the British civil aircraft DH. 
121 Trident and BAC.111. 


< 


> 


The Pegasus BS.53 lift-plus- 
thrust engine has been chosen 
by many aircraft constructors 
for their VTOL projects. The 
BS.53, installed in the Hawker 
P.1127, has been undergoing 
flight tests since October 1960. 
At Bristol Siddeley, work is in 
progress on a supersonic ver- 
sion with re-heat of the cold 
air flow. 


Diagram of the TF 106 by- 

Pass engine, under develop- 

ment at SNECMA, with re- 

heat of the secondary air flow 

; ri \ followed by afterburning in 

. | the amalgamated gas flows. 

= The TF 106 is a development 

of the Pratt & Whitney JTF10 

" and develops about 11,000 Ib 

The Pratt & Whitney JT8D-1 turbofan engine is derived thrust without, and 17,000 to 

from the military J52 and is characterized by the parti- 20,000 Ib thrust with after- 
cularly low fuel consumption of 0.64 Ib/Ib/h. Static thrust burner. It could, for example, be a possibility as the main engine for GAMD’s projected Mirage V. SNECMA 
is 13,970 lb, weight 2,980 Ib. moreover intends to develop the TF 106 further into a lift-plus-thrust engine by incorporating a jet reverser device. 


7 — M. Roy, Managing Director of ONERA. 8-H. Boris, Managing Director of Hélicop-Air; J. Lecarme, Joint Technical Director of SFERMA. 9 -M. Chassagny, Chairman of Ma‘ra; 
G. Février, Director of Interavia France. 10 - P. Braillard, Secretary of CSF. 11 -— M. Bauzin of Thomson-Houston. 
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Electronics at the Paris Air Show 


The display of electronic equipment and systems in Paris was so copious 
that it would be a hopeless task to try to present a comprehensive report 
in the space of three pages. We must, therefore, content ourselves here 
with a small selection of the products of the electronic industry. We 
shall however continue this account in forthcoming numbers of Interavia, 
in order to complete the picture. 








@ Société de Fabrication d’Instruments de Mesure 
(SFIM), Massy, France, showed the new fully 
transistorized Sperry SFIM type 100 autopilot, which 
is intended for, amongst others, the Frelon SE 3200 
helicopter. This autopilot makes it possible to 
stabilise a helicopter about all three axes, as well as 
in flight direction and altitude. Extensive use of 
printed circuits and readily changeable components 
in the airborne computer (picture) gives the autopilot 
a high degree of safety in operation and simplifies 
maintenance. SFIM also exhibited the new NRAN-15 
radio compass, which can be tuned manually in the 
ordinary way, and also offers a choice of 20 crystal 
controlled frequencies in the 150/2,000 Kc/s range by 
means of a rotary selector switch. The crystals 
required for this purpose can be easily changed 
whenever necessary. Immediate frequency selection 
involving no fine tuning greatly simplifies matters 
for the pilot. This is because, particularly in short 
range operations, the pilot has often only very short 
intervals of time in which to tune his radio compass 
to the radio beacons which come in quick succession. 








@ AVIRADIO, Paris has augmented their ER-144 
series of airborne VHF equipment, which consisted 
of three VHF transmitter/receivers for civil aircraft, 
military transport aircraft, and light aircraft, by the 
addition of a VOR-101 converter and an IN-21 
indicator instrument for VOR navigation. Both these 
items of auxiliary equipment, which are notably light 
in weight and need only a small amount of space, are 
very suitable for installation in small sport and 
executive aircraft. 








@ Nortronics, a Division of Northrop Corporation, 
Beverly Hills, Calif., has developed a voice inter- 
ruption priority system (VIPS), already installed in 
several aircraft of the B-58 and C-133 types and 
recommended for use in many other USAF aircraft. 
With VIPS, at least 20 functions on board the aircraft 
can be separately monitored and, as soon as a danger 
situation arises in any one of them, the pilot hears a 
spoken alarm through his headphone (the alarm is 
stored on magnetic tape); for example ‘“‘Fire warning, 
number 4 engine” or “Undercarriage not locked.” 
The alarm is repeated automatically until the danger 
is overcome, or the pilot manually switches off the 
playback unit. 








@ Curtiss-Wright Corporation, New York, has 
developed a complete weather radar system, desig- 
nated AN/FPS-68, in accordance with a U.S. Navy 
specification. Unlike most meteorological radar 
equipment, this works on the X-band and not the 
C-band, thus offering the advantage that even clouds 
which are concealed by the front of thunderstorms 
can be seen. The operation console (picture) includes 
a PPI screen, diameter 12 in., for presentation of 
direction and distance (centre), a further screen for 
distance and altitude indication (left), and a number 
of measuring instruments and monitoring devices. 
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@ Hughes Aircraft Company, Culver City, displayed 
their active long-range communications satellite at 
the Air Show. The satellite has a diameter of 29 inches, 
weighs 32 lb, and is equipped with 2,700 solar cells 
for generating current. For transmitting information, 
a total of 600 R/T and 2,400 teleprinter channels are 
provided, and television transmissions can also be 
effected. The repeater consists of a transistorized 
UHF-receiver and a 2 KMc/s transmitter with 
output power of 2.5 Watts. Whereas earth-to-satellite 
transmissions are carried out by means of single 
sideband transmission, the signals sent back to earth 
are phase modulated. On an equatorial orbit at some 
22,000 miles from the earth’s surface the satellite 
would appear to an observer on the earth as fixed in 
the sky and would offer communication links over 
great distances. If, for example, its position was 
directly above the mouth of the Amazon, ground 
communications stations over most of North and 
South America, Western Europe and the Western 
half of Africa could “‘see”’ it. 





@ Wolfgang Assmann GmbH, Bad Homburg, West 
Germany, whose multi-channel magnetic tape units 
are already in use in 26 countries for the recording 
of pilot/controller conversations, has added the 
Multitext automatic announcer unit to its range. Up 
to 40 different verbal messages, each 10 seconds long, 
can be put on to an endless magnetic tape and these 
can then be played back in any desired order by 
automatic or manual (telephone dialling) selection. 





@ Laboratory for Electronics Inc. (LFE), Boston, 
Mass., showed a model of the antenna and a console 
of the AN/TPN-12 instrument landing system. This 
system can be used as normal panoramic radar with a 
range of 45 miles (in which case the azimuth antenna 
alone rotates with a speed of 18 r.p.m.) and can be 
switched over to PAR operation within a few seconds. 
For both modes, the same screen is used for display. 









The whole antenna assembly group can be trained by 
remote control on to any one of four approach 
sectors. As a tactical GCA the AN/TPN-12 is 
standard equipment for the U.S. Air Force, and-in 
Sweden too several units are already in operation. 
LFE is currently working on the development of 
a mobile radar image transmission system. 
















@ La Société d’Optique, de Mécanique, d’Electricité 
et de Radio (QMERA), Argenteuil, France, put a type 
TR-AP-22-A UHF transmitter/receiver at the 
disposal of the Le Bourget control tower for the 
period of the Air Show. This was for R/T communi- 
cation with military aircraft. The picture shows the 
transmitter/receiver (above) and the power supply 
unit appertaining to it. Both are airborne units, 
produced by OMERA under licence from SARAM 
(Société d’Applications Radioélectriques a I’ Aéro- 
nautique et la Marine). 

































@ Compagnie Francaise Thomson-Houston (CFTH), 
Paris, has developed a subminiaturized emergency 
transmitter/receiver, the TH.C.987 which, according 
to the current supply available, can transmit up to 
20 hours. A release button unfolds the antenna and 
the unit automatically transmits an A2 distress signal 
on 243 Mc/s frequency, which can be received up to 
75 miles away, and used for homing. After contact 
has been made between the search aircraft and the 
survivor, the TH.C.987 can be used for R/T com- 
munication over ranges up to 20 miles. 











@ Ryan Electronics, A Division of the Ryan Aeronautical Company, San 
Diego, presented the RYANAV IV self-contained doppler navigation 
system to the public for the first time. Special features of the RYANAV IV 
are light weight and great versatility, and it is suitable for all types of air- 
craft. The equipment works on the CW principle on a frequency of 
13,300 Mc/s and uses three sharply focussed beams. It is able to measure 
ground speeds ranging from —50 to +2,000 knots at all altitudes up to 
66,000 ft and more, also drift speeds of a maximum of + 300 knots and 
climb and descent rates of up to 1,000 f.p.s. Speed indication is given with 
an error of under 0.5 percent and, in position fixing, the maximum error is 





0.7 percent of the distance covered. Over the whole effective measuring range 
there are no altitude gaps. The antenna has no moving parts, so that routine 
adjustment is not required and at the same time a high degree of reliability 
is obtained. The illustration shows (from left to right) the hover flight in- 
dicator for helicopters, the control unit, the ground speed/drift indicator, the 
transmitter/receiver and the antenna unit. The data obtained from the RYA- 
NAV IV can be fed direct into autopilots, navigation computers or automatic 
stabilisation equipment. It is also possible to link the RYANAV IV with 
inertial systems, bombing systems, flight director systems, and similar 
navigation equipment. 


Ba Hep 
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@ Compagnie Générale de Télé- 
graphie Sans Fil (CSF), Paris 
exhibited its Cyrano navigation and 
fire control system to the public 
for the first time. Although the 
details are still strictly secret, the 
Cyrano should do all that can be 
required of such a system for use 
in an aircraft like the Mirage III. 
It not only serves the purpose of 
automatic fire control equipment 
in attacking air and surface tar- 
gets with all types of weapons, in- 
cluding guided missiles with radar 
and infra-red homing heads, 
but can also be used for navi- 
gation both at high altitude and 
at very low level. As far as could 
be ascertained, stabilization of the 
Cyrano radar antenna is electronic, 
not mechanical. When employed 
for interception, the Cyrano can 
be used either in conjunction with 
the ground fighter control system 
or as an independent homing and 
fire control system. 






































@ Ferranti Ltd., Edinburgh, presented, besides the 
AIRPASS II combined airborne radar and fire 
control system, the new ISIS integrated strike and 
interceptor system, which is specially designed for 
use in light interceptor and ground attack aircraft 
such as the Fiat G-91 or the Folland Gnat ISIS is at 
present undergoing intensive testing and is expected 
to be available in four different versions, each for a 
different purpose but all built up from a total of 
seven basic units. In type A, which is the simplest of 
the four, ISIS is a self-contained sighting system for 
use against air and surface targets in conjunction 
with aircraft cannons, rockets, guided missiles and 
bombs. The augmented versions, however, require the 
input of data from other airborne equipment. The 
B type, for example, takes account of the aircraft’s 
ground speed and drift (provided by the airborne 
Doppler) and the bank (by the vertical gyro), which 
considerably simplifies aiming. The ISIS C offers in 
addition navigation indication, which is provided by 
the airborne navigation computer. Lastly, with 
ISIS D, bombs can be aimed “‘over the shoulder.” 
The illustration shows the sighting unit and the ISIS 
computer open. 





@ Société Industrielle des Nouvelles Techniques 
Radioélectriques (SINTRA), Asniére, France is 
among the leading producers of radar presentation 
and tracking systems. The radar image screens in the 
ATC centre at Paris Orly, for example, are made by 
this Company. At the Air Show, the control console 


pictured here and forming part of the Mirage III 
guidance system, attracted considerable attention. It 
enables supersonic interceptors to be guided from the 
ground into the vicinity of an enemy aircraft, at 
which point the airborne fire control system takes 
over. 
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@ Radio Corporation of America (RCA), Los Angeles, 
featured the latest AVQ-60 ATC transponder. 
Since there is still no international agreement in 
existence concerning the procedure for suppression 
of sidelobes, nor about the code capacity of an 
automatic ground-to-air data transmission system, 
RCA addressed itself to the task of devising equip- 
ment capable of fulfilling current and future demands, 
which would not become obsolete even after the 
conclusion of new international agreements. In the 
AVQ-60C transponder, RCA now has an all-purpose 
equipment to offer, which is suitable for both the 
FAA triple pulse system and the ICAO double pulse 
system, without the need for switchover. (The 
AVQ-60B version is designed for use on American 
internal networks and works on the triple pulse 
system only.) At present, 64 manually selected reply 
codes are at the pilot’s disposal for transmitting data 
but, by the addition of an extra circuit inside the 
unit, the transmission capacity can be increased to a 
maximum of 8,192 reply codes without much difficulty. 
The transponder weighs barely 23 Ib, and has an 
adjustable transmission output of 250—1,000 W. 
Great reliability and ease of maintenance have been 
obtained by extensive use of transistor and printed 
circuits. 

Further new developments of RCA include the 
EP6201 electrostatic printer and a DTA-1 field 
telephone auxiliary unit. The latter provides positive 
identification of the other party and the automatic 
transmission of short messages, which can be selected 
by means of four-figure codes from a maximum of 
10,000 different combinations. Transmission of coded 
messages of this type can proceed at the same time as 
normal R/T or line conversations, and last only 
900 milliseconds per message. The electrostatic 
printer is for use on board civil, military, and private 
aircraft and transforms the binary coded digital data 
received into alpha-numerical symbols, which are 
simultaneously printed on sheet and strip. The printer 
weighs barely 10 Ib and writes at a maximum rate of 
416 symbols per second. 





@ Société Nouvelle d’Electronique et de la Radio- 
Industrie (SNE-RI), Paris, presented for the first 
time the newly developed ST.401 PPI radar console, 
with a screen diameter of 16 in. This fixed coil 
equipment is fully transistorized and printed circuits 
are extensively used in its production. 
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ROLLS-ROYCE SPEY ENGINES WILL POWER THE de HAVILLAND TRIDENT, 
THE BRITISH AIRCRAFT CORPORATION ONE-ELEVEN AND THE BLACK- 
BURN BUCCANEER 


The By-Pass principle 
proved by the Conway 
is now accepted as 
the correct formula 
for jet transports 


ROLLS-ROYCE LIMITED - DERBY - ENGLAND 
AERO ENGINES « MOTOR CARS e DIESEL AND PETROL ENGINES « ROCKET MOTORS « NUCLEAR PROPULSION 
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SIGNIFICANT FACTS ABOUT 
THE 107's WATER CAPABILITY 


In the 107 helicopter, water landing capability has been achieved 
without special flotation equipment or the weight or drag 
penalties of floats or boat hull. Thus over-water operation can 
be carried out in full confidence that, should it be necessary, 
the helicopter can alight and take off even in conditions as 
severe as Sea State 3 (waves up to five feet high). Flotation is 
assured by a factory-sealed fuselage of unique, flexible design. 
The fuselage has good water taxiing characteristics ; and a 
remarkable degree of lateral stability is provided by extended 
stubs on either side of the fuselage that house landing-gear 
support structure and fuel tanks. Elevated mounting of the rear 
rotor permits descent and landing in a nose-up flared attitude 
of as much as 30 degrees with no change in fuselage attitude 
required before touchdown. This is important in water landings 
at night, in low visibility or on glassy seas. 


The “mission module” versatility of the Boeing-Vertol 107 
means a high potential of all-around usefulness in operations. 
For example, pre-packaged, “plug-in” modules for anti- 
submarine warfare, minesweeping and rescue missions can be 
installed internally in a matter of minutes between flights. In 
addition, the same aircraft can tow, lift or carry heavy or 
bulky loads externally. Cargo of more than two tons can be 
speedily loaded or unloaded in the fuselage via the full-width 
rear ramp. 


Along with its water landing capability _and,“mission module” 
versatility, the 107 offers the reliability of twinturbine power. 
All in all, it is one of the most tactically and logistically useful 
aircraft available to the Armed Forces. 
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Saying “ useful load ’’... 


and meaning it! That’s what the new Aermacchi-Lockheed SANTA Practical range (with 
MARIA does. This is not just “another” lightplane... it is made to order reserves) 550 miles 
for the man who needs a working airplane—and the proper way for an with a 940 Ib pay- 
airplane to work, is to carry a really useful load. From propeller spinner to load—take-off _ dist- 
rudder, the “ Santa Maria ” is all muscle and bone—no delicate gadgets— ance to 50 ft, 1050 
no chrome ... and there is more than 1,500 lb you can use to carry equip- fi—full procedural 
ment, fuel, people, cargo. At full range, the payload is still as high as ft/050min climb avai- 
940 lb—and there is ample fuselage room available for such bulky lable at 17,000 ft 
items as gasoline barrels, vehicles or five passengers. The SANTA altitude (with turbo- 
MARIA is already in quantity production and FAA certificated. supercharged engine ). 


AERMACCHI - LOCKHEED SANTA MARIA 


Information on delivery dates from the Sales Manager, Aeronautica Macchi S.p.A., via Sanvito Silvestro 80, Varese, Italy 
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Mirage TT or F 1047 


Martin Baker or Lockheed C2 ejection seat 















you will fly at high altitude 
in perfect safety 
and complete comfort with the 


EFA 


stratospheric outfit 


A HELMET 


e LIGHT 
e DOES NOT OBSTRUCT VISION 
e SHOCKPROOF 


A PRESSURE SUIT 


e EASY TO PUT ON 
e AERATED 
e CAN BE DISMANTLED 


A PAIR OF ANTI-G TROUSERS 
GLOVES 









Also in quantity production by EFA :— 


the back-type parachute 

the “ Indépendance” quick-release harness 

the type 36 chrono-barometric release mechanism 
and... 





ETUDES & FABRICATIONS AAERONAUTIQUES 
44, BOULEVARD JEAN-JAURES, CLICHY (SEINE) 
PER. 37-20 PER. 74-33 
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Regional control radar 
at BORDEAUX-MERIGNAC 


To ensure the rigorous control of civil aircraft over 
central and southern France (three-quarters of the 
country), the Service de la Navigation Aérienne 
has chosen Compagnie Francaise THOMSON- 
HOUSTON. 





The THOMSON-HOUSTON solution is at present 


the most advanced as regards the volume of airspace 
under control. 


Moreover, it offers a simple and entirely new solution 
to the difficult problem of ground echoes. 


Power for transmission is supplied by the classic 
ER 410/D transmitters built by Compagnie Générale 
de T.S.F. 


FRANCE, a vital link in the European air traffic chain, 
is thus in the forefront of progress in the important 
field of air traffic control. 








THOMSON HOUSTON 
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TH.D.1013 
light approach radar 


Rapid installation 
Simplified and reduced maintenance 
Air transportable 


Equipment manufactured under contract to SERVICE TECHNIQUE DES TELECOMMUNICATIONS DE L’AIR 


IN THE SERVICE OF CIVIL AVIATION 


COMPAGNIE FRANCAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE — 173, Bd HAUSSMANN, PARIS 8 — Tel. ELY. 83.70 


GROUND /AIR U.H. F. 
EQUIPMENT .TH.C. 9600 


3500 CHANNELS 


Simple and robust, the TH.C. 9600 equipment is designed for communications between 
air squadrons and ground bases, control towers or radar operations rooms. It is housed 
in standard cabinets, thus enabling it to be adapted to many roles simply by adding 
sections. This design, coupled with its technical excellence, has led to its adoption 
by the Air Ministry to equip French air bases, and quantity production for the French 
Army is under way. 

The equipment works in the 225-399.9 Mc/s frequency range on 3,500 channels spaced 
at intervals of 50 kc/s. Any one of these frequencies can be selected without difficulty, 
COMPAGNIE FRANCAISE THOMSON-HOUSTON manufactures a similar 1,750- 
channel equipment operating in the same range. 











THOMSON CFTH HOUSTON 


COMPAGNIE FRANCAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE — 173, BD. HAUSSMANN, PARIS 8 

















$S.10 ...SS.11 
Anti-tank missiles designed and Wilt hy 


eddy NALAERCARIN §62.218, RUEBERANGER CHATILLON s/s BAGNEUX SEINE - TEL. ALESIA 57-40 
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This fuel-system flight simulator at TAPCO 
duplicates the rugged airborne conditions 
specified by the designers of an advanced 
Mach 3 bomber. 


The objective: to confirm that the TAPCO 
fuel pumps will perform unfailingly, prov- 
iding vapor-free fuel when subjected to 
the extremes of temperatures, pressures 
and maneuvers they will encounte: in 
actual flight. 


All TAPCO pump designs—for advanced 
fighters, trainers, commercial airliners, 
helicopters, business and utility aircraft— 
are environment tested on simulators like 
this—a concept of painstaking thorough- 
ness that TAPCO engineers maintain from 
research to design, through development 


3 times the speed of sound 
...on the ground! 


to manufacture and service. 


Twenty years of TAPCO experience 
supports that concept. Experience that 
pioneered booster pumps—that helped the 
old C-46 to conquer the “ Burma Hump ” 
during World War Il—and that has since 
provided more than one million pumps for 
every type of aircraft in the world... or 
out of it! 


For information on new fuel systems and 
components to meet your requirements, 
write: TAPCO, a division of Thompson 
Ramo Wooldridge Inc., Cleveland 17, 
Ohio. For free catalog describing current 
TAPCO aviation products, write: AMERICAN 
AVITRON, INC., 514 Halstead Avenue, 
Mamaroneck, New York, U.S.A. 


TAPCO a division of Thompson Ramo Wooldridge Inc. 


Pi. N International Sales & Service AMERICAN AVITRON INC. 








Most aircraft flying today use TAPCO pumps to 
feed their engines. Among them: BoEING 707, 720 
and B-52; NorTH AMERICAN A3J; LOCKHEED 
F-104; GRUMMAN W2F-1; NortTHrRop T-38; 
RepuBLic F-105; Convair B-58, F-106, 880 and 
990; De HAVILLAND Beaver, Otter and Caribou; 
Sup AVIATION Caravelle Series; ARMSTRONG 
WHITWORTH Argosy; VICKERS-ARMSTRONG Vis- 
counts; Fust TIF2; and Saas Lansen and Draken. 


FUEL BOOSTER PUMPS 
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...there’s a Boeing jet to handle the job! 


Now airlines can secure, from a single source, turbine-powered 
aircraft to serve every route, from 5 to 5400 miles. 


This Boeing jet “‘family”’ ranges from the Vertol 107 helicopter 
to the newly-announced turbofan 707-320B Intercontinental 
with full payload range of 5400 miles. In between are the non- 
stop transcontinental 707 jetliners... the sleek 720 for routes 
up to 3300 miles... and the newly-announced Boeing 727, for 
routes from 150 to 1700 miles. 


Available also are ‘*B’’ models of the 707 and 720, equipped 
with new, more efficient turbofan engines. 


A single equipment-source offers many advantages, including 
major inventory and spares economies, and lowered training 
and maintenance costs. Equally important, Boeing jets 
have demonstrated unique profitability, passenger apeal and 
reliability. .. some of the reasons more airlines have ordered — 
and re-ordered — more jetliners from Boeing than from any 
other manufacturer. 


SIO EMMG 


These 25 airlines (plus MATS) have ordered 404 Boeing jets: AIR FRANCE - AIR-INDIA - AMERICAN - AVIANCA - BOAC - BRANIFF - CONTINENTAL 
CUNARD EAGLE - EASTERN - EL AL - ETHIOPIAN - GHANA - IRISH - LUFTHANSA - NORTHWEST - PACIFIC NORTHERN - PAKISTAN - PAN AMERICAN 
QANTAS - SABENA - SOUTH AFRICAN - TWA - UNITED - VARIG - WESTERN. Boeing-Vertol helicopters have been ordered by NEW YORK AIRWAYS and FUJI 


AIR TRANSPORT. 
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Perfect instrument landings begin with Collins 


To break through on centerline approach... and a perfect touch (ss un aninomenee 
down ... requires reliable equipment. Collins navigation and Box 1891, 1900 N. Akard St. 
communication systems are at work around the world aboard Fisans cond Wtsaisten on Glas tetrenett tenting sptiom 
commercial jets as well as light aircraft... providing dependable 
service in weather conditions that make flying most demanding. 
For complete information on Collins 

navigation and communication equip- ay 
ment and systems for your aircraft, . eer 


FONE eS ORs 
please return the coupon on this page. = inTeRNATIONAL Division the me 


Ne a iaati ain spleatatenatenaticinicldiaie 


Title:_ 


COLLINS RADIO COMPANY e@ INTERNATIONAL DIVISION e P.O. BOX 1891 e DALLAS, TEXAS, U.S.A. 
Offices in Geneva, Switzerland; Frankfurt A/M, Germany; Paris, France; London, England; Beirut, Lebanon; Tokyo, Japan; Melbourne, Australia; Rio de Janeiro, Brazil; Toronto, Canada; 
New York, New York; Washington, D.C.; Miami, Florida © Dealers in major cities around the world. 
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British Ministry of Aviation 
Royal Air Force 
English Electric Co., Led. 





De Havilland Aircraft Co., Led. 
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Leopoldville 


ding the PYE way 


PYE I.L.S. SUPPLIED TO:— 











THE AIRPORTS OF 
ROYAL AIR FORCE 
GENEVA LEOPOLDVILLE ELISABETHVILLE 
BRITISH MINISTRY OF MOSCOW BAHRAIN 
AVIATION BUDAPEST BELGRADE ZAGREB 
DUBROVNIK PRAGUE 
INDIAN AIR FORCE WARSAW HONG KONG DRESDEN 
ROYAL CANADIAN DE HAVILLAND AIRCRAFT CO. LTD. 
AIR FORCE ENGLISH ELECTRIC CO. LTD. 


The Pye Landing System 










PYE TELECOMMUNICATIONS LIMITED: CAMBRIDGE: ENGLAND 


958 INTERAVIA 7/1961 


ICE DE L’AVIATION 


<= 


AU SER 


1921 


OFFICE GENERAL DE L’AIR 


Export distributors for French producers of: 
Aircraft - Helicopters - Missiles - Equipment 


79, Champs-Elysées, Paris . Tel. ELYsées 43-67 . Telex: 20971 Airoficia 





WEATHER RADAR 
Detects areas of precipitation 
to a range of 250 miles. 


WINDFINDING RADAR 
Measures speed and direction of 
winds up to 100,000 feet. 


meteorological radar 
in 50 countries 


Throughout the world, Decca Meteorological Radars are being used to provide 
essential data on weather and upper wind speeds. Such information enables flights 
to be planned and routes modified in order to avoid areas of precipitation and to 
make maximum use of favourable winds. The result is increased operating 
economy, passenger comfort and safety. 


DECCA RADAR LIMITED . LONDON . ENGLAND [a2 UU 


@ ovr 174a 
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New Prospects for Gas Turbines 


Rapid Advance of Small and Medium 


Turbo-Engines 


Until four or five years ago, hardly a 
dozen turbo-engines in the lower power ca- 
tegory were available for use, whereas today 
there is a complete range of small and me- 
dium-powered gas turbines for all types of 
propulsion. As can be seen from our table, 
the aircraft constructor can today find at least 
one type in every thrust or power class and, 
in many cases, a choice of several. Welcome 
as this development may be to the builder of 
airframes, from the point of view of the aero- 
engine industry it is disquieting that more 
and more concerns are fighting for a market 
which, whilst doubtless worthwhile, is still 
only at a growing stage. It almost looks as if 
“everyone makes everything” is the dominant 
trend emerging in the airframe and aero- 
engine industries. 


How was this state of affairs reached in 
such a short time? With the increasing ef- 
ficiency of aircraft — this applies in both the 
military and the commercial fields — pro- 
duction quantities have inevitably been 
falling, whilst development costs have been 
rising. 

This tendency is particularly noticeable in 
the case of engines and aircraft of the top 
power category, where series production of 
large commercial aircraft does not match the 
constantly declining size of combat aircraft 
production series. For the rest, only a few 
large concerns have been able to venture into 


The de Havilland Gnome H.1200 compound 
helicopter engine, comprising two turbo-shaft 
engines and producing over 2,500 h.p. takeoff 
thrust, which is intended as powerplant for the 
Westland Wessex Mk 2. De Havilland is, more- 
over, offering the twin Gnome for the multi- 
purpose helicopter which is to be jointly developed 
by several NATO countries. 





the development and production of high- 
powered turbo-engines, which until recently 
dominated the market. On the other hand, 
the production of various types of guided 
missiles, which run into series of hundreds, 
thousands, and even tens of thousands, bene- 
fits only such engine manufactures as have 
either been successful in obtaining orders for 
turbo-jets for missiles or who turned over in 
good time to the production of rockets. 

Mindful of the old business principle that 
turnover is inversely proportional to the price 
of the merchandise, the aero-engine industry 
started to look round for new markets for 
“cheaper” lines which still lend themselves 
to genuine mass production, such as turbo- 
engines for helicopters, turbo-jets for exe- 
cutive aircraft, military trainers and com- 
munications aircraft, turbo-props for STOL 
transports, battle-zone reconnaissance ma- 
chines, civil aircraft for close-range work, 
and tourers. The production of such engines 
would of course have been impossible but for 
the great technical progress in gas turbine 
construction during the last few years. Apart 
from advances in the field of aerodynamics 
and thermodynamics, such as engine aero- 
dynamics, intake diffusors, combustion, and 
pressure fluctuations in compressors and 
turbines, it is only recently that new highly 
heat-resistant materials and related pro- 
duction procedures have provided the basis 
for translating theory into practice. 
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It is hardly necessary to stress that the 
reduced engine dimensions now called for 
make the constructor’s task considerably 
more difficult. Although the scaling down of 
engines is in some ways advantageous (the 
smaller size engine brings, for example, a 
reduction of the specific weight of com- 
pressor and turbine rotors), there are a great 
many disadvantages on the other side-of the 
picture. The effectiveness of combustion 
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With Government support, Fiat has developed the 4700 
compressed air generator for their Fiat 7002 helicopter. 
The unit is here seen on the test bench, 










chambers, for instance, diminishes; the 
smaller the cross-sections, the greater the 
losses through skin friction; greater demands 
are made in the way of surface quality and 
accuracy to gauge of the blades; and certain 
wall thicknesses must be respected, even if 
strength considerations would allow them to 
be reduced. Last but not least, limits are set 
to the extent to which the engine components, 
such as the gears, can be “miniaturized”, with 
the result that, as overall engine weight is re- 
duced, their weight becomes an increasingly 
important factor, the more so as small en- 
gines have very high rotational speeds. 
Below, in alphabetical order, will be found 
a dozen or so new developments which have 
been singled out for individual mention. This 
is not however intended to be a compre- 
hensive survey of the field, nor does our 
choice imply any judgment of the relative 
merits of particular engines. The sole object 
is to give examples which point to some ty- 
pical answers and reveal certain general 
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trends. The developments of three well- 
known constructors are covered individually 
in separate articles in this issue. Lift jet en- 
gines and gas turbines which do not serve as 
powerplant in aircraft — such as starter units 
and turbo-generators for aircraft systems — 
have deliverately been left out of consider- 
ation, as they are very different in both con- 
struction and application from the small en- 
gines under discussion here. It was also dif- 
ficult to draw a clear line between “medium” 
and “large.”” Many engines which are today 
beyond doubt in the “large” class started life 
as “medium”, and some of the “small” engines 
of yesterday are in the “medium” class of 
today. 


Allison's contribution to the 250h.p. class 


The Allison Division of General Motors has 
two versions of a small 250 h.p. class engine in 
development, namely the 250-B2_ turboprop 
(military designation T63-A-1) and the 250-C2 
(T63-A-3) turboshaft. In the same group is the 
250-C6, which is designed for aircraft generators. 
Common to all versions are the seven-stage axial 
compressor with an eighth, centrifugal, stage; the 
combustion chamber with flow reversal; and the 
one-stage primary and two-stage power turbines. 
These engines run on JP4, JP5, JP6, diesel oil or 
115/145 octane aviation spirit. By careful selection 
of materials and rationalised production methods 
(for example, the turbine wheels and their blades 
are cast in one piece), Allison hopes to keep the 
prime cost of its engines low enough to interest not 
only military, but also commercial, buyers. The 
extremely high power/weight ratio should help in 
this connection. The turboprop, with about 250 
h.p., weighs about 110 lb, and the turbo-engine 
95 lb. Fuel consumption is still over 0.66 lb/ 
hp/h, but will doubtless be appreciably reduced in 
the course of further development. 

The T63, in its turboshaft version, would be 
a possibility for a 4-seat light helicopter engine of 
the type which the US Army would like to have 
built in the next few years — and this might well 
involve a run of a few thousand. As is now well 
known, the design competition held by the US 
Army was won by the Hiller 1100 and the Bell 
D-250 projects. No final decision as to the engine 
to be adopted in the series model is, however, 
likely prior to mid-1963. 


The Blackburn Nimbus helicopter engine 


The Blackburn Group, which has been busy 
with the licence construction of Turboméca engines 
since 1952, brought out a development of its own, 
the A.129, in 1958. This engine, derived from the 
Artouste 600, was originally available in two 
versions, namely as a turbojet and as a turbo- 
shaft, but was then further developed into a heli- 
copter engine only, this on behalf of the Air 
Ministry in London. In August 1959, only one 
year after the first test, an A.129 was delivered to 
Saunders-Roe, who fitted it in the Wasp P.531 
helicopter. 

The A.129, which was later named the Nimbus, 
is basically a cross between the Artouste 600 and 
the Turmo 600, with which it has many important 
components in common. In order to raise the 
pressure ratio from 4:1 to 6.5: 1, Blackburn’s 
engineers put a two-stage axial compressor in front 
of the Artouste and installed behind a free tur- 
bine, borrowed from the Turmo and increased in 
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View of the Lycoming T55-L-1 
turboprop. 


size. The series engine delivers a maximum 970 h.p. 
(sea level standard atmosphere) and 886 h.p. for 
one hour’s continuous operation. By using particu- 
larly heat-resistant material in the free turbine, and 
increasing the rotation speed of the compressor, it 
is hoped to be able to bring s.h.p. up to 1,150 and, 
later on, by cooling the turbine blades, to over 
1,200 h.p. The Nimbus is used not only for heli- 
copters but is also, for example, in the SR.N2 
hovercraft, built jointly by Hovercraft Develop- 
ment Ltd. and Westland Aircraft. 


BMW back small turbines 


Towards the end of the fifties, BMW Triebwerk- 
bau GmbH started developing a series of interest- 
ing small turbines and, at the 1959 Hanover Trade 
Fair, presented the prototype of its 6002 small gas 
turbine (with single-stage centrifugal compressor) 
for 50 s.h.p. Since then, h.p. has been increased 
to 65. Apart from its use in driving aircraft aux- 
iliary equipment, the 6002 is hardly suitable for 
powering aircraft, and is intended primarily for use 
as a portable fire-extinguisher pump. 

For aviation purposes, BMW offers the 6012 
turboshaft, derived from the 6002. The weight 
(99 Ib) to power (90 h.p.) ratio, which is extremely 
favourable, makes it suitable for, amongst others, 
light helicopters, small aircraft (the latter with 
addition of propeller), as well as a power unit for 
the auxiliary equipment of large aircraft. Ro- 
tational speed varies between 20,000 r.p.m. (idling) 
and 45,000 r.p.m. (maximum); it is selected by 
means of a lever and maintained constant by a go- 
vernor. By interchanging the gearing, an adjust- 
ment of the rotation speed, between 3,000 and 
8,000 r.p.m., can be obtained. All normal com- 
mercial fuels such as kerosine, JP4, diesel oil, light 
fuel oil, and petrol can be used; consumption is 
114 lb/h. Starting is manual or electric. 

Elimination of the gear, addition of a jet pipe, 
and a few other modifications led from the 6002 to 
the 8011 turbojet (79 lb thrust, 77 lb dry weight) 
and its further development, the BMW 8026 
(110 Ib thrust). 

The relatively high fuel consumption of 114 Ib/h 
is not of particular importance, the 8026 being 
mainly intended as a powered glider engine and 
therefore generally only in operation for a matter 
of minutes. 

A year ago, BMW announced the development 
of a bypass jet in the 660 Ib class, with fuel con- 
sumption put at about 0.5 Ib per Ib thrust, at a nett 
weight of under 220 Ib. Construction and principal 
dimensions are to be found in our sectional draw- 
ing. Subject to a reasonable cost of production, this 
engine could put small and very small touring air- 
craft in a speed range (250—312 m.p.h) which has 
until now been reserved for a considerably higher 
category of aircraft. 


Section of the bypass engine to give some 660 Ib thrust, 
under development at BMW. 
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Boeing — 18 years of small turbines 


As early as 1943, Boeing’s Industrial Products 
Division started development work on small power 
gas turbines for various applications, especially 
use in vehicles. Boeing engines equipped the first 
turbo-helicopter in the world, the first turbo-driven 
tank in the world, and so on. It is, therefore, hardly 
surprising that Boeing is constructing, in series, a 
respectable size family of small turbines for 
aviation use. The main series in question is the 
502. The 502-10S turboprop (360 s.h.p.), for 
example, serves as powerplant for the RP-77D 
Radioplane target and reconnaissance drone. A 
turboshaft version, with the military designation 
T50-BO-4, delivers 270 h.p. and powers the remote- 
controlled Gyrodyne DSN-3 naval helicopter. The 
newest development is series 520 (T60) and in- 
cludes various engines in the 375 to 550 h.p. class, 
for which Boeing rates sales prospects in both the 
military and commercial markets as good. 


What a utility engine will do. 


The fact that the length of life and performance 
of the modern turbo-engine can be considerably 
improved in the course of years does not in any 
way speak against design engineers. Whether it is 
a question of aerodynamics or of the behaviour of 
construction materials and components, the phe- 
nomena in a turbine are so complex as to be 
to a large extent incalculable, and decisive improve- 
ments can be made only on the strength of ex- 
perience obtained in the course of the thousands 
of hours of operation. With some exceptions, 
constructors build as much development potential 
into their engines as they possibly can. Nevertheless, 
an over fiftyfold increase in engine life, as has 
been brought about in the case of the Bristol 
Siddeley Viper turbojet, is not an everyday occur- 
rence. 





Evolution of the Dart 


Today, with 15 years of development behind it, one 
can certainly ~ with justice of this engine that it is 
epoch-making. The time between overhauls has risen 
from 400 hours, when the engine was first put into ser- 
vice in 1953, to more than 3,000 hours, an as yet unbro- 
ken record. Although it did not increase to the same 
extent, the power of the commercial versions of this 
engine did, after all, increase from 1,500 e.h.p. to 2,350 
e.h.p. in the course of time. And, on the test bench, 
military versions have several times exceeded 3,000 
h.p., a development the end of which cannot yet be 
foreseen. Rolls-Royce engineers hope to be able to 
train the Dart up to about 4,000 h.p.; in that case this 
engine, which started life as an out-and-out medium 
class engine, would finally grow out of the class of 
turbines under discussion here. 











The incentive to develop the Viper was given by 
the British Ministry of Supply in 1948, when it put 
out a tender for a remote-controlled target display 
aircraft for use in the Woomera Rocket Range in 
Australia. The first Viper did not get beyond the 
design stage and tests of the second type began in 
April 1951; this was the ASV.2 with a nominal 
thrust of 1575 lb. and, in December 1953, an im- 
proved version (1,640 Ib thrust) made its first flight 
in a Jindivik target drone, which had meanwhile 
been built by the Australian Government Aircraft 
Factories. This version then went into series. pro- 
duction as the Viper Mk.100, with a life of 10 
hours. 

The Board of Armstrong Siddeley had mean- 
while decided to develop a long-life engine from 
the Viper for use in the jet trainer being developed 
by Hunting with Government support. The outcome 
was the ASV.5 (1,640 lb thrust) which, like the 
ASV.3, has a seven-stage axial compressor, an an- 
nular combustion chamber, and a one-stage tur- 
bine. The modifications were mainly to the com- 
pressor and the fuel metering system, and they 
involved substituting components and materials of 
higher fatigue strength for many of the existing 
ones. In the course of extended testing, it emerged 
that reduction of the angle of attack of the air inlet 
guide vanes by 5°, coupled with an increase in 
rotational speed of 400 r.p.m. to 13,800 r.p.m., 
made possible an increase of 110 lb in thrust, tur- 
bine entry temperature remaining the same. This 
version, the ASV.8, equipped the Jet Provost Mk 2 
and the Jindivik Mk 2B. Thanks to progress in the 
field of materials, it then also became possible to 
raise turbine temperature and thus lift thrust to 



























1,900 lb — this was the ASV.9, as fitted in the 
Bell X-14 research aircraft and in the prototype of 
the Macchi MB.326. 

When the military planners again demanded 
more thrust, in order to be able to employ the 
Jet Provost with greater takeoff weight from high- 
lying aerodromes, it became necessary for the first 
time to make more fundamental alterations to the 
engine, the basic design having reached the limit of 
its development potential. Fuselage considerations 
ruled out an increase in external diameter and the 
only course left open was to let the engine grow 
“inwards,” in other words to make the compressor 
shaft thinner. Thus the ASV.11, with 2,500 Ib 
thrust, was born. 

At the moment Bristol Siddeley is developing 
the Viper 20, a Viper 11 modified by putting a 
zero-stage in front, which delivers 3,000 lb thrust 
at an air mass flow of 53 lb/sec (as compared with 
44 lb/sec in the Viper 11). At the same time, the 
turbine entry temperature is reduced by 25 °C 
and specific fuel comsumption by nearly 9 % to 
0.985 lb/lb/h. Two Viper 20s will power the de 
Havilland 125 Jet Dragon executive aircraft. 


Continental's shaft turbine 
in the 500 h. p. class 


The Continental Aviation and Engineering Cor- 
poration, a subsidary of Continental Motors, has 
American licence production rights for Turboméca 
engines. Various J69 series, derived from the 
French Marboré jet, have been produced in the 
U.S.A. and these engines are being fitted in, 
amongst others, the Cessna T-37A Mariner and the 
Ryan Q-24 Firebee target drone. The J69 is more 
than just a reproduction; apart from some Ameri- 





Boeing’s exhibits at Le Bourget included a cutaway model 
of the 502 shaft turbine, which has been series-built in 
various versions for some time. 


canisation, which is reflected in differences in the 
construction specification, systematic improvements 
have made a reduction in specific fuel consumption 
possible. 

In the autumn of 1960, Continental announced 
the development of a 500 h.p. turboshaft engine 
weighing only 209 Ib. which, is designed for a shaft 
rotational speed of 6,000 r.p.m. and, in a turboprop 
version, for a propeller rotational speed of 2,100 
r.p.m. 

The designations of this engine are somewhat 
confusing. The civil version of the turboshaft is 
217-SA, or T72-T-2 in the U.S. Navy’s nomen- 
clature, and the turboprop is known as the 217-6A. 


De Havilland sees prospects for the Gnome 


Althought the de Havilland company had con- 
cluded an agreement with the General Electric Co. 
in November 1951, for the exchange for technical 
information and experience, it was not until over 
six years later, namely in March 1958, that close 
cooperation between the two concerns led to fur- 
ther development of the T58 turbo-engine. That 
interest existed in Great Britain for engines of this 
type in the 1,000 h.p. class was shown by the orders 
which were received only a few months after the 
licence agreement had been signed. Since the T58 
is considered in more detail elsewhere in this issue, 
it is not proposed here to do more than point to 
those features which distinguish the British Gnome 
engine from its American predecessor. 

In the first place, there is the control system, 
which comprises an electronic computer developed 
by de Havilland Propellers and the fuel metering 
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Consistent application of the unit construction principle has kept the production cost of Blackburn’s gas turbine 
relatively low. These turbines were developed by Blackburn mainly under licences from Turboméca. 


system by Joseph Lucas Ltd. The control system 
automatically holds the selected rotor speed con- 
stant, controls the starting of the turbine, and en- 
sures that the prescribed turbine working tempera- 
ture and gas generator rotational speed are not 
exceeded. The reduction gears for various output 
speeds are also made in Great Britain. 

The H 1000 version is currently in production 
for the Westland Whirlwind as well as the Agusta 
101G and Agusta Bell 204B helicopters. The 
H.1200, a further development corresponding to 
the American T58-GE-8, is rated at 1,250 s.h.p. for 
two and half minutes and 1,140 s.h.p. for one hour 
maximum continuous operation, fuel consumption 
in the latter case being 0.61 lb’hp’h. The second 
generation of Westland Wessex helicopters is to be 
fitted with a twin engine, in which two H.1200 
Gnomes will deliver their power through a reduc- 
tion gear to a common shaft. Thanks to the free 
wheel coupling, it is possible to drive the rotor with 
one of the two turbines if desired or, when the 
rotor is stopped, to run each turbine independently 
of the other. 

There is also the P.1200 turboprop version which 
is currently under development and has a takeoff 
rating of 1,150 s.h.p. and a residual thrust of 182 1b; 
specific fuel consumption is 0.69 lb/hp/h. The dry 
weight of this engine, including propeller and aux- 
iliary equipment, is 959 lb. 


New developments by Fiat 


In Italy, Fiat has been working on gas turbines 
for aviation purposes for some years. No suitable 
airframes having been found for various light jet 
engines of the 660 lb thrust class, work started in 
October 1958 on the development of a compressed 


air generator for the tip driven rotor of the Fiat 
7002 helicopter. This was done with the support 
of the Italian Ministry of Defence under the Mutual 
Weapon Development Program. This unit, weight 
334 lb, delivers air at the rate of 7.7 lb/sec and at 
a pressure of 50 p.s.i., and gives an additional 
thrust of 88 lb. This engine was illustrated in Inter- 
avia 5/1961, page 623. Two derived engines have 
recently been offered by Fiat, namely the 4004 jet 
engine (550 lb takeoff thrust at a weight of 209 lb, 
frontal area 385.2 sq. in) and the 4301 turboprop 
(takeoff rating 680 h.p. at a weight of 385 Ib, resi- 
dual thrust 88 Ib). 


Rolls-Royce and the Napier Gazelle 


In line with the efforts of the British aviation 
industry to consolidate by means of mergers, Rolls- 
Royce and Napier joined forces a few weeks ago. 
Apart from the general advantages which the com- 
bined potential of both concerns offers to each 
partner, a particular engine must have played quite 
an important role in the negotiations, namely the 
Napier Gazelle. Whereas Rolls-Royce can now go 
directly into the helicopter engine market, Napier 
will profit from the tremendous technical and com- 
mercial potential of the Derby concern. 

What are then the features which account for all 
this interest in the Gazelle? First and foremost, of 
course, its power which ranges between 1,650 and 
2,000 h.p. (for short period operation) in the dif- 
ferent versions. In addition, there is the fact that 
the Gazelle can be fitted in any position desired 
between the horizontal and the vertical. There is 
already some operational experience with the en- 
gine—the first flight of a Westland Wessex equip- 
ped with a Gazelle engine took place in 1957, so 


Sectional drawing of the Bristol Siddeley Viper 11] jet engine, as fitted in the Italian Macchi 326 trainer. 


1 — Internal Bevel Box 

2 — Inlet Guide Vanes 

3 — Compressor Casing 

4-— Compressor Rotor Drum 
5 — Fuel Feed Pipes 

6 — Flame Tube Assembly 

7 — Main Shaft 
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8 — Exhaust Guide Vanes 
9 — Turbine Rotor 
10 — Forward Drive Takeoff 
11 — Air Intake Casing 
12 — Front Main Bearing 
13 — Accessory Drive Box 


14 — Centre Main Bearing 

15 — Centre Section 

16 — Mounting Trunnion 

17 — Combustion Chamber Casing 
18 — Rear Main Bearing 

19 — Exhaust Cone 
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Characteristics of some Small and Medium Power Turbo-Engines 














Construction Main dimensions Power output 
Constructor and Type |Number}; Com- Max.diam. Dry Com- | Airflow Take- | S.H.P. Rota- Spec. fuel Remarks 
Designation of com-| bustion | Turbine | Length or width = ory t | (ib/sec) off + E.HP tional consumption 
Pressor cham- stages din.) x height —_ thrust | (residual| “"** speed 
Stages ber in.) dry (ib) | thrust) (r.p.m.) 

CANADA 

Canadian Pratt & TP 3A+1C| Annular |1+1FT| 52.0 19.0 250 6 5.0 - 466+ 500 |FCP37,500| 0.69 Ib/ehp/h Also available as TS (PT6B-3) for 

Whitney PT6A-3 85 Ib FT 33,000 installation in helicopters; TP 

version at present undergoing flight 
testing. US designation T74 (both 
versions). 

FRANCE 

Turboméca Marboré VI J 1c Annular 1 41.9 22.3 x 309 3.84 21.7 1,060 _ - 21,500 1.05 1b/Ib/h Marboré IIC versions has 880 Ib 

24.84 thrust 
Turboméca Astazou II TP 1A+1C} Annular 3 74.9 18.1 271 6.0 5.5+ _ 530 562 43 500 0.595 Ib/ehp/h TS version has max. 530 s.h.p. 
Astazou “‘Special’’ has 603 e.h.p. 
Turboméca Turmo HIC TS ic Annular |2+1FT} 66.1 25.9x 454 5.50 13.0 — 1,200 - CP 34,050} 0.639 Ib/shp/h Turmo IIID, a further TP develop- 
25.7 FT 21,930 ment of the Turmo IIIC, has 1,225 
e.h.p. 
Turboméca Artouste IIIB TS 1A+1C} Annular 3 57.7 15.4x 287 5.20 9.5 - 550 586 34,000 0.720 Ib/ehp/h Takeoff rating unchanged at external 
21.5 temperature of 40°C or at altitudes 
up to 13,900 ft. 
Turboméca Bastan IV TP 1A+1C} Annular 3 60.8 27.0 x 467 5.50 9.8 - 930+ | ~1,000| 33,500 0.601 Ib/ehp/h 
30.5 ~1501b 

ITALY 

Fiat 4002.001 J 1c Annular 1 34.8 22.5 194 4.0 13.9 716 - - 25,000 ~1.2 Ib/Ib/h For use in small and medium civil 

and military aircraft. 

Fiat 4700.000 TC 1c Annular |1+1FT] 51.2 ~23.6 ~310 4.0 10.4 — ~ - 25,000/ ~1.26 Ib/ Auxiliary compressor ratio 3.1:1, 
+1 aux, | (height) +7.7 550 air 20,000 air hp/h airflow 7.7 Ib/sec. Installed in Fiat 
compres- h.p. 7002 helicopter. Derived versions 

sor are the 4004.000 Get; 550 Ib thrust) 
and the 4301.000 (TP; 680 h.p. take- 
off rating). 

UNITED KINGDOM 

Blackburn A.129 Nimbus TS 2A+1C} Annular |2+1FT| 61.6 29.0 x ~390 6.5 11.0 - 968+ | ~1,000 | CP 35,000] 0.68 Ib/shp/ Blackburn also has license construc- 

20.0 93 Ib FT 28,000 tion rights for most Turboméca tur- 
max cont bines. Blackburn's own newest deve- 
lopment: Bn.C.1 Cumulus turbo- 

shaft engine. 

Bristol Siddeley Viper J 7A Annular 1 64 24.55 549 4.3 44 2,500 - - 13,800 1.04 Ib/Ib/h Also Viper ASV.20 with 8 stage 

ASV.11 compressor; takeoff thrust of this 

version 3000+ Ib. 

De Havilland Gnome TS 10A Annular |2+1FT| 54.8 18.2 x 308 8.3 12.5 - 1,250+ = CP 26,250 | ~0.624lb/shp/h | Also in a twin version (2,500 s.h.p.) 

H.1200 19.6 150 Ib FT 19,500 for the Westland Wessex 2 heli- 

copter. Predecessor H.1000 of about 
1,000 s.h.p. Also the H.1400 of 
1,400 s.h.p. 
De Havilland Gnome TP 10A Annular |2+1FT| 79.3 17.0x 600 8.3 12.5 - 1,150+ 1,200 | CP 26,260} ~0.65 Ib/ehp/h Due for type certification in 1961/62. 
1200 31.5 158 Ib FT 20,000 
Napier Gazelle E.512 TS 11A 6com- |2+1FT]| 71.5 ~30 675 6.25 16.8 - 1,640+ | 1,740 | CP 20,000| 0.672 Ib/shp/h Later versions of the Gazelle are: 
bustion 255 Ib FT 18,000 the E.202 (NGa.2 Mk.101/501 — 
cham- 1,650 s.h.p.); the E.213 (NGa.13 
ane Mk 160 & 161 — 1,450 s.h.p.); the 
E.217 of 1,675 s.h.p. and the E.219 
of 2,000 s.h.p. 
Rolls-Royce RB.108 J 8A Annular 1 42 21 262 - ~ 2,010 _ _ on = 
Rolls-Royce RB.145 J 6A Annular 1 64 21 350 ~ - 2,750 - - - - Derived from the RB.108; for 
S/VTOL use, with or without after- 
burner. 

Rover T.P./60/1 TP 1c Single 1 30.1 20 x 27.5 235 2.95 1.45 - 70 _ 47,000 1,36 Ib/ehp/h T.P./90/1 version has 120 h.p. 

USA 

Allison (Model 250-B2) TP 7A+1C| Single 2+2FT| 40 15.8 x 106 6.2 3.0 _ 250 — 48,750 0.70 Ib/ehp/h TS version designated 1T63-A-3 

T63-A-1 19.5 (Model 250-C2). Also Model 252, a 

proposed twin version of 500 s.h.p. 

Boeing (Model 502-10S) TP 1c 2com- |1+1FT]| 448 24.25 ~300 45 4.3 - 360+ 380 CP 38,500] 0.90 Ib/ehp/h TS versions designated 502-10V & 

T50 bustion 46 Ib FT 30,000 502-10WA have 240 & 270 s.h.p. 

cham- TP version 502-10W has 325 e.h.p. 
bers 

Boeing (Model 520-4) TP 1C 2com- |1+1FT]| 68.9 25.5 ~340 6.5 6.5 _ 475+ 495 CP 45,000 | 0.70 lb/ehp/h Versions 520-2 and 520-6 are TS 

T60 bustion 50 Ib FT 25,000 engines and 520-8, with 550 s.h.p., 

cham- is a TP engine. 
bers 

Continental (Model J 1C Annular 1 50.0 22.6 364 4.0 18 1,025 - - 21,730 1.14 Ib/Ib/h Aliso in versions for target drones; 

352-S5A) J69-T-25 also the J69-T-29 with extra axial 

compressor stage and takeoff thrust 
of 1,700 Ib. 

Continental (Model TS 1A+1C} Annular |2+1FT]| 42.5 19.4 210 6.0 5.3 ~ 500 - 42,500 0.70 Ib/shp/h TP version, Model 217-6A, has 500 

217-5A) T72-T-2 e.h p. 

General Electric TS 10A Annular |2+1FT]| 55 16 x 21.5 271 8.3 12.4 - 1,050+ - CP 26,300} 0.64 Ib/shp/h The CTS58-100-1 is a civil version of 

T58-GE-6 120 Ib FT 19,500 the T58-GE-6. The T58-GE and 

CT58-110-7 of 1,250 s.h.p. are fur- 
ther developments. 

General Electric J 8A Annular 2 108.8 20.2 538 7.0 42.5 2,500 - - 16,500 1.01 Ib/Ib/h J85-GE-5 already tested and showed 

J85-GE-5 (with 2.20 Ib/Ib/h up to 4,100 Ib thrust with after- 

after- (with after- burner. The J8-GE-7 is similar ex- 

burner burner) cept no afterburner, thrust 2,450 Ib; 

3,850) this version is specially designed for 
target drones. Also the SJ 132 & 
SJ 133 for V/STOL applications, 
with 3,050 Ib thrust. 
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Construction | Main dimensions Power output 
Constructor and Type |Number| Com- Max.diam. | Oty | Com: | dues) | Take- | S.ELP. Rota- Spec. fuel iene 
Designation ofcom-| bustion | Turbine| Length | or width ‘Ib = - off oa EHP tional consumption 
pressor cham- stages (in.) x height thrust |'(residual| ~“""** | ‘speed 
Stages ber (in.) dry (Ib) | thrust) (r.p.m.) 

General Electric CJ610-1 J 8A Annular 2 39.7 17.7 355 7.0 42.5 2,850 —- _ 16,500 0.99 Ib/Ib/h Pre-series engines are undergoing 
tests; FAA certification due in 2nd 
half 1961. Also the CJ-610-2B with 
2,400 Ib thrust. Installed in the 
SAAC-23; the Jet Commander; the 
B-101C Israel aircraft. 

General Electric CF700-2B | TF 8A Annular |2+1FT| 64.0 34 615 7.0 42.5 4,200 - - - 0.686 Ib/Ib/h BP ratio 2:1. Is basically a CJ610, 

Lycoming (Model TS 5A+1C| Annular |}1+1FT| 47.61 23.0 484 6.0 10.7 - 860+ 901 CP 25,240| 0.735 lb/ehp/h | T53-L-5 (Model LCTCIK-1) with 

LTC1B-2/3) T53-L-1A/1B 102 Ib FT 21,510 1,005 e.h.p. and T53-L-9 (Model 
LTCIK-2), with 1,150 e.h.p. are 
for helicopters. 

Lycoming (Model TP 5A+1C} Annular |1+1FT| 54.8 23.0 530 6.0 10.7 - 960 +- 1,005 25,240 0.655 Ib/ehp/h | T53-L-7 (Model LTCIF-2)TP engine 

LTCIF-1) T53-L-3 113 Ib of 1,150 e.h.p. at 522 Ib dry weight. 

Lycoming (Model TP 7A+1C} Annular |1+2FT]| 58.85 24.25 695 6.3 21.5 - 1,600+ | 1,676 - 0.648 Ib/ehp/h The T55-L-3 (LTC4B-2) and T55- 

LTC4A-1) T55-L-1 190 Ib L-5 (LTC4B-7) turboshaft versions 
for helicopters have 1,985 e.h.p. and 
2,300 e.h.p. respectively. 

Pratt & Whitney J 9A Can- 2 62.85 21.9 436 7.0 49 3,000 - - 16,000 0.95 Ib/Ib/h The JT12A-20 (J60-P-1) version 

(JT12A-6) J60 nular with afterburner produces 4,025 Ib 
thrust. 

Pratt & Whitney Ts 9A Can- 2+1FT _ - 870 7.0 49 - 4,050 - = - Increase in power to 4,750-5,500 

JFTD12A-1 nular s.h.p. is intended. Installed in the 
Sikorsky S-64 large helicopter. 

Solar YT62-S-2 Titan — Ts ic Annular 1 - 12.5 x ~50 3.2 1.4 - 65+ _ 56,700 1.16 Ib/shp/h Installed in the Gyrodyne XRON-1 

25.0 13 Ib single-seat helicopter. 

WESTERN GERMANY 

Kléckner-Humboldt- PT ic 1 1 - - ~90 2.6 - - 80 - 50,000 - Developed from the T16 small in- 

Deutz dustrial turbine. 

BMW 6012 TS ic Annular 1 24.5 16.5 x 99 - - - 90 - 45,000 _ Further development of type BMW 

16.3 6002. 
BMW 6026 J 1c Annular 1 23.6 15.0 x ~85 _ — 110 - - 45,000 - Further development of BMW 8025 
16.5 as auxiliary powerplant for gliders. 
BMW 8040 BP 1A+4A| Annular 2 27.6 16.7 220 6.0 ~ 660 - - - 0.53 Ib/Ib/h In development; bypass ratio over 
+1C 2.5:1. 
Abbreviations used A =: axial BP = bypass jet C = centrifugal CP = compressor FT = freeturbine J = pure jet TC = turbo-compressor TF = turbofan TP =turboprop TS = turboshaft 


This compilation makes no claims to being complete but is simply intended to record some typical engines of the power categories in question. 
Rating figures for all engines originating in countries using the metric system are quoted in metric h.p. 





that the older version can now be considered as 
practically ready for operation. The Gazelle is 
currently being built for the Wessex and Belvedere 
helicopters. 

As is well known, Rolls-Royce acquired half 
Napier’s share capital and announced that a new 
joint concern, to be known “Napier Aero Engines,” 
was to be formed. 


Lycoming builds free turbines 


The Lycoming Division of the Avco Corporation 
is one of the concerns which, despite the relentless 
advance of the gas turbine, pins its faith on the 
piston engine. However, apart from a practically 
complete range of small opposed engines, there are 
also two families of turbo-engines on the Lycoming 
production programme, namely the T53 und T5S5. 
From the beginning, Lycoming declined to follow 
a policy of specialisation and endeavoured to 
achieve a high degree of versatility in these two 
engines. This is probably one of the reasons why 
Lycoming went straight after free turbines which, 
whilst more advantageous in operation, are more 
complicated from the mechanical point of view. 

The details of the two Lycoming turbines, which 
are similar in the job they perform, must be left 
for a later opportunity. Here we shall do no more 
than mention their basic construction, namely a 
circular air intake around the reduction gearing, a 
multi-stage axial compressor (five stages in the T53, 
seven stages in the T55) with a final centrifugal 
stage, an annular combustion chamber with re- 
versed flow, and a one-stage primary turbine fol- 
lowed by a free turbine. There are several more 
advantages in the layout selected. These include 
the relatively high pressure ratio (6: 1) with a short 
compressor (and consequently less risk of damage 
by foreign bodies to the high pressure axial stages), 
the large volume of the combustion chamber, good 
accessibility of the “hot” components and, finally, 
the compact construction of the entire engine. 

Each of the two engine families comprises sev- 
eral versions, namely a turboprop version, a turbo- 
shaft version for powering helicopters, and a turbo- 
shaft version for high output shaft rotational speed, 


which are in turn subdivided into various civil and 
military types. Technical data is given in our table. 
The Bell HU-1 and the Kaman H-43B helicopters, 
as well as the Grumman AO-1 Mohawk army ob- 
servation aircraft, are equipped with T53s, and the 
T55 is intended for the Vertol HC-1B Chinook, 
with the result that Lycoming has no need to worry 
about outlets for its engines in the near future. The 
Italian Piaggio concern recently bought the licence 
construction rights for Lycoming turbines. 


Sectional drawing of the Napier Gazelle turboshaft 
engine. 





The small turboprops by Rover 


Although one of the pioneers of aircraft turbine 
engine construction (it built Whittle engines in 
1941/42), Rover Gas Turbines Ltd. later concerned 
itself mainly with turbines for industrial use. A few 
months ago, however, details of two turboprop 
engines, offered for use in sports aircraft, became 
known. These are the T.P./60/1 and the T.P./90/1. 
Similar in construction and dimensions, both mod- 
els will burn kerosene or diesel oil. Features are 
two side air entry channels, a single-stage centri- 
fugal compressor, a single combustion chamber, 
and a single-stage turbine. 


Development is still in full spate, and it 
seems too early to forecast the outcome. The 
trends which have so far emerged, however, 
lead one to expect that the development of 
turbo-engines in the lower power category 
will be on the same lines as we have experi- 
enced with large engines over the past dec- 
ades, namely almost complete disappearance 
of the piston-engine, followed later by the 
advance of the twin flow engine at the ex- 
pense of turboprop and single flow engines. 
One cannot, however, exclude the possibility 
that a state of equilibrium between all these 
types of engines will arise. 

Maybe the lower fuel consumption in 
small turboprop and twin flow engines will 
not always be sufficient to justify the- extra 
production costs which they entail. It is also 
possible that the piston engine will hold its 
own in the light sports aircraft class. The 
turbine can already compete successfully in 
respect of fuel consumption, and it carries 
the day as regards weight. All that remains 
to be seen is when turbo-engines will be able 
to compete with comparable piston engines 
on the score of manufacturing costs. + 
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and the CJ610 jet engine (the civil version of the J85). 


General Electric 


presents 


Five examples of the General Electric range of small tur- 
bine engines were exhibited at the 24th Paris Salon. From 
left to right: the military J85 jet engine, the T64 turbo- 
shaft engine, the T58 turboshaft, the CF700 ducted fan 








Small Turbines for Varied Markets 


The purpose of this article, which is quite 
general in nature, is to highlight an industry 
achievement and the resulting gains in tech- 
nology. Its purpose is not to treat specific 
phases in detail. We shall discuss some of the 
obstacles and successes encountered in the 
development and production of the small jet 
engine (below 5,000 Ib thrust), its growing 
military applications, and its ambitious role 
in meeting a variety of commercial demands 
now and in the next several years. By way of 
illustrating developments in the industry the 
experiences of the General Electric Company 
will be referred to from time to time. 


Why Small Engines? 


With large jet engines demonstrating high 
performance in military aircraft, the U.S. 
Government recognized the additional need 
for smaller engines to power smaller aircraft 
for a variety of missions. Greater emphasis 
has been placed of late on limited-war air- 
craft and other support aircraft—to fill what 
has been called a gap in the power spectrum. 
The U.S. Air Force and Navy, in particular, 
turned to manufacturers to develop small 
turbine engines also for modern helicopters, 
drones and missiles, many of which would 
not have been possible as we know them to- 
day without these kinds of powerplants. In- 
creased emphasis on less expensive aircraft 
and powerplants was another reason for 
stepped-up demand for small turbine engines. 


Furthermore, the small jet engine offers 
certain important advantages. For example, 
a small engine (2000-4000 Ibs thrust) pro- 
duces greater thrust per pound of engine 
weight than a larger engine. This is so be- 
cause of the so-called three-halves law: 
weight varies as the diameter to the third 
power, while thrust—a function of airflow— 
varies as the diameter to the second power. 
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The J85 Family-Performance Table: 
















































J85-5 J85-7* 
Unit (with (without CJ-610-1 CF700-2B 
afterburner) afterburner) 

Thrust 

with afterburner Ib _ 3,850 __ - - aie 
max. | without afterburner 2,500 2,450 2,800 3,180 
Spec. fuel consumption 

with afterburner 2.20 _ _ — 
stout without afterburner — 7.01 0.975 0,688 
Spec. fuel consumption 

for cruise Ib/Ib/h 0.98 0.99 0.99 0.686 

Pressure ratio _ 79 731 ¥34 731 
Air flow Ib/sec 42.5 42.5 43.89 43.89 
Weight Ib 537 325 355 616 
Length ft 9.11 3.29 3.33 4.87 
Max. diameter 1.69 1.46 1.48 2.85 
Power/weight ratio _ 7.2:1 7.6:1 8:1 6.8:1 
Bypass ratio _ _ oa _ 8:4 























* A further development of the J85-7 develops 2,950 Ib thrust at a weight of 295 |b; Dimensions correspond to those 
of the J85-7; the thrust/weight ratio of 10: 1 should make this engine suitable for V/STOL projects. 
















The CF700 ducted fan engine consists of the gas generator of the J85 with an aft fan. Thrust/weight ratio is 6.85: 1, 
length 63.3 in., diameter 34.6 in. 
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Thus, as engine diameter decreases, specific 
weight decreases. For a given thrust, then, 
several small engines are lighter than a single 
larger engine. And a saving of one pound of 
engine weight typically brings a saving of 
some 12-14 pounds of airframe weight. 
Stemming from this basic fact, some ad- 
vantages for the small turbine engine-powered 
aircraft include lower operating costs, supe- 
rior performance, tendency for greater rug- 
gedness, use of shorter runways, greater 
range or payload, outstanding acceleration 
characteristics (due to lower inertia of ro- 
tating parts), and excellent VTOL capabili- 
ties. In multi-engine installations, the full 
power required for take-off can be reduced 
during cruise by shutting down one or two 
engines. In addition, the use of small jet 
engines permits multi-engine reliability. 


Barriers and Breakthrough 


With these powerful incentives, U.S. manu- 
facturers got to work on small aircraft gas 
turbines, with their sights set on high thrust 
and low weight. It was soon found that de- 
signing a small engine was not a simple mat- 
ter of scaling down a larger engine. In trying 
to achieve high efficiencies with small size 
components, for example, two problems were 
encountered: relatively adverse boundary 
layer thickness and friction coefficients due 
to low Reynolds numbers, and the necessity 
of minimizing blade tip leakage with me- 
chanically practical clearances. These prob- 
lems were largely overcome through develop- 
ment efforts that resulted in highly efficient 
axial compressors measuring as little as 8- 
to-9 inches in length. 

In striving for light weight, manufacturers 
were faced with problems of minimum manu- 
facturable thickness on discs, shells and 
frames, the trailing edge airfoil of compres- 
sor blades, and many other components. 
Many of these obstacles were overcome by 
such manufacturing innovations as the elec- 
tro-discharge drilling of holes in sheet metal 
and X-ray deflection methods of achieving 
closer control of forgings. 

Another major challenge has been to 
achieve smaller and lighter controls and ac- 
cessories with the same degree of reliability 
as those of larger engines. No less complex 
than the control systems of larger engines, 
those of small engines face a more critical 
accuracy problem because of the lower 
amount of fuel flow handled (leakages are a 
bigger factor on a percentage basis). Signifi- 
cant strides have been achieved by manu- 
facturers in reducing the weight and size of 
small engine controls. 

While it is usually not possible to scale 
down combustion systems in the same man- 
ner as the rest of the engine, General Electric, 
in particular, achieved notable success in 
producing very short, efficient combustors 
with very high heating capacity per cubic 
foot. 

Another difficult obstacle encountered was 
the extremely close tolerances called for on 





The CJ610 in an engine nacelle mock-up for the Jet Commander. Thrust/weight ratio 8.02: 1. Length 39.4 in. and dia- 


meter 17.7 in. 


Main units of the J-85: 

1. Front casing with forward 
engine mounting. 

2. Eight stage axial com- 
pressor rotor. 








3. Horizontally split com- 
pressor casing and stator 
blades. 
















The J-85 Family Tree 










485-7 (dry) 







App ications: 
cDonnel GAM-72 
decoy missile 










J85-5 (reheat) 
Thrust: 3850 Ibs 


~~ ications: 
- Norair T-38 trainer 
- Norair N-156F fighter 





~ iecegmne Q-4B target drone 
- NASA's experimental X-14A 
VTOL aircraft (dry engines) 


4. Main frame and engine 
mounting, showing the dif- 
fusor between the com- 
pressor and combustion 


chamber. 








CJ610-1 (dry) 
Thrust: 2850 Ibs 
Weight: 355 Ibs 
Designed for aircraft in the 
11,000—14,000 
Applications: 
Aero Commander 
Model 1121 executive jet 










Ib. wt. class 

















Designed for aircraft in the 
8500—11 000 Ib. wt. class 
Applications: 
Swiss American Aircraft 
Corp. SAAC-23 executive jet 
Israeli Aircraft Industries 










Sa 


Lift engines 
high efficiency 


cruise 


engines 
(both jet and prop) 


CF700 (aft turbofan) 
Thrust: 4200 Ibs 
Weight: 615 Ibs 
Designed for two- and four en- 
ine aircraft in the 15, 

000 Ib. 
- Executive transports 
- Utility transports 
- Light attack aircraft 
- Subsonic trainers 
- VTOL aircraft 
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. Combustion chamber. The 


fuel is distributed through 
twelve burners. 


. Two-stage turbine rotor. 
. Split turbine casing with 


stators. 


. Jet pipe. 
































wt. class such as: 















History 

U.S. Navy order 

First engine test 

First flight test 

FAA Type certification 
FAA 1000-hour certification 


Performance data: 


oS ST en ee ee 


Weight Ib. 
Power weight ratio 
* First improved version. 


Applications: 


@ Civil helicopters 
- Boeing Vertol 107 Model II (2CT58) 
- Sikorsky S-61 (2 CT58) 
- Sikorsky S-62 (1 CT58) 


units of the T58 





Spec. fuel consumption Ib/hp/h. . ... . ‘ 


Cutaway drawing of the main 4; 


The T58 engine (Helicopter) 


Position as at May 1961 
Over 280 engines delivered. 


The CTS58 turboshaft engine weighs 280 Ib and is 55.0 in. long and 16.0 in. in width. The power output is 1050 s.h.p.; 
pressure ratio 8.3: 1 and the air mass flow 12.4 Ib/sec. 


Over 500 engines on order including 150 commercial 


June 1953 

April 1955 models. 

Feb. 1957 50,000 hours total running time. 
July 1959 15,000 hours flying time. 

July 1960 Price of the CT58: $69,000. 


Licenced construction in England and Japan. 


CT58-100-1 T58-6 
Pe PS Rl 1,050 1,050 
ie ea 0.63 0.63 
5 “wragithe: ty 280 271 
co 3.7 3.8 


@ Military helicopters 


CT58-110-1* T58-8* 
1,250 1,250 
0.60 0.60 
300 286 
41 4.3 


- Sikorsky HSS-2 (2 T58). U.S. Navy anti-submarine 
helicopter will go into service this year. 
- Kaman HU2K (1 T58). U.S. Navy multipurpose 


helicopter. 


- Boeing Vertol HRB-1 (2 T58). U.S. Marine Corps 


transport helicopter. 


Front frame with forward 
engine mount. Hot com- 
pressor bleed air is ducted 
through the radial struts for 
anti-icing. 

. Ten stage axial compressor 
with variable intake guide 
vanes and variable stator 
blades in the first three 
stages. This increases opti- 


N 


4. 


mum efficiency and ex- 
pands the rotational speed 
range. 


. Main frame with the centre 


bearing of the gas generator 
shaft. 

Small diameter annular 
combustion chamber with 
turbine entry nozzles. 


5. Two stage primary turbine 


with the turbine entry 
nozzle of the free turbine. 
The turbine blades can be 
replaced in pairs without 
making it necessary to 
rebalance the turbine rotor. 


. Free turbine with power 


output shaft. 
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these small engines. How to produce high 
quality parts at less than exorbitant cost was 
one of the toughest challenges. For example, 
General Electric’s pinch and roll method of 
producing compressor blades, in place of 
forging, eliminated many of the earlier 
problems involved in translating precision 
airflow designs into hardware. By this unique 
method the metal is pinched at the base of 
the airfoil to form a tight radius, and the 
airfoil is rolled out from there, assuring much 
greater accuracy than before. Not involving 
high temperatures, this process eliminates 
the problems of distortion due to heat and 
requires no buffing, an operation often 
damaging to the critical finish. 

Having successfully overcome these kinds 
of obstacles, small engines came into their 
own in the mid and late fifties, many of them 
achieving high reliability and performance 
coupled with outstanding thrust-to-weight 
ratios. For example, General Electric’s com- 
mercial CJ610-1 has a thrust-to-weight ratio 
in excess of 8 to 1. 


Future developments 

Far from satisfied with the current per- 
formance of small jet engines, manufacturers 
are continuing far-reaching development ef- 
forts to make these junior workhorses capa- 
ble of more varied and demanding missions. 
General Electric, for example, is giving a 
great deal of attention to three areas, in par- 
ticular: 1) improved fuel consumption by 
means of regeneration, variable turbine ge- 
ometry, improved component efficiencies, 
and improved cycles; 2) higher thrust-to- 
weight ratios by means of higher turbine tem- 
peratures, advanced materials and fabrica- 
tion techniques, transonic components, and 
light-weight frames and rotor structures; and 
3) lower manufacturing costs by means of 
simplified designs, advanced manufacturing 
techniques, and designing for low-cost ma- 
terials. 


Economy through Flexibility 

The high cost of developing engines has 
led a number of manufacturers to design a 
basic engine from which other versions can 
be developed for a variety of missions. A 
look at General Electric’s J85, an example 
of this approach, reveals how one manufac- 
turer uses a basic gas generator in several 
engines for different types of missions and 
applications. 

This practice permits quantity production 
of certain assemblies and components com- 
mon to all members of the engine family. 
Broadening of the production base in this 
manner also serves to reduce manufacturing 
cost. An example of this is General Electric’s 
CJ610, price of which is now in the 
$40,000-$50,000 range. And while the pis- 
ton engine, on the basis of cost, has been 
developed virtually to its fullest potential, 
opportunities are still abundant for cost re- 
ductions on advanced engines like the CJ610. 

Seeking to achieve even greater power at 
less operating cost, some manufacturers have 
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undertaken the development of small turbo- 
fan engines. General Electric’s small aft 
turbofan, the CF700, has been developed by 
scaling down the fan used by the CJ805-23 
and matching it to the J85 gas generator. The 
CJ805 (without the fan) is the commercial 
version of the J79. This economical develop- 
ment effort has resulted in an engine with 
much improved fuel consumption and in- 
creased take-off thrust over the straight 
turbojet. These characteristics are achieved by 
using an extra turbine to drive a fan (both 
physically connected and built into the same 
wheel). The fan increases air flow through 
the engine (hence increases thrust) and re- 
duces exhaust velocities (hence improving 
specific fuel consumption). Among the oper- 
ating advantages offered by the turbofan are 
greater operating economy, longer range 
and/or greater payload, and shorter take-off 
distances. 


The CF700 capitalized on this advanta- 
geous family history by running the FAA 
150-hour Endurance Test just 250 working 
days after its first test in May of 1960. 


A Look Ahead at the Commercial Market 


Looking ahead through 1970, we find 
most surveys and forecasts reporting an opti- 
mistic market outlook for commercial air- 
craft. For example, general aviation (all civil 
aircraft except commercial airliners) will ex- 
perience steady growth during the 1960's 
with the total fleet reaching approximately 
100,000 active aircraft compared to today’s 
fleet of about 70,000 aircraft, according to 
Aerospace Industries Association. Since 
much of this fleet will be more modern than 
it is today, the industry’s annual production 
rate will grow more rapidly, by proportional 
comparison, than will the total fleet size. 


Of the 3,000 leading industrial and com- 
mercial firms in the U.S., only 12 percent fly 
their own aircraft. This leaves a huge, un- 
tapped market of 88 percent of the 3,000 
companies who are logical customers for 
business aircraft. In addition to these are the 
thousands of smaller enterprises and individ- 
ual business and professional men for whom 
private aircraft can be an efficient, profit- 
producing tool. One study indicates that in 
1970 about 65 percent of all multi-engine 
business aircraft produced will be powered 
by turbine engines. Executive aircraft will be 
100 percent turbine-powered; medium twins, 
80 percent; and light twins, 50 percent. 


While light and medium aircraft produc- 
tion has doubled in 10 years, the average unit 
cost of these has tripled in this period. With 
average unit price rising faster than unit 
sales, a greater proportion of high-priced air- 
craft is being sold each year, and these prices 
will approach the price band of turbine- 
powered medium twins within the next few 
years. With this “buying up” trend, many 
users are going to find turbine-powered air- 
craft far more attractive than before. + 
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T64 engine (helicopter and fixed wing) 











History: Position as at May 1961 
U.S. Navy order April 1957 Over 7,000 hours operation. 
First engine test January 1959 Gas generator in existance. 
First flight test scheduled for Summer 1961 Turboshaft and Turboprop exist as models. 
FAA Type certification probably in July 1962 Unofficial 150-hour test completed. 
Performance A firet further development (3.180 s.h.p.) planned 
or 3 
Turboshatt | Turboprop & Sees tes development (3,750 s.h.p.) planned 
Shaft horsepower 2,650 _ Applications: 
Equivalent horsepower — 2,510 @ The de Havilland Caribou flight test programme is 
Spec. fuel consumption 0.53 _ due to start this summer. 
Ib/shp/h @ The Grumman Gulfstream flight test programme is 
Spec. fuel consumption — 0.53 scheduled for late summer 1961 
p/h @ Possibility that the engine will be chosen for the S-64 
Weight (Ib) 713 1135 Sky Crane and the Vertol Chinook. 
Power/weight ratio 4.0 2.5 @ Suitable for VTOL and STOL aircraft, helicopters, 
hovercraft and normal aircraft. 

















Sectioned view of the T64. 


1. Fourteen stage axial compressor 
with variable intake guide vanes 
and six stages of variable stators. 

2. Annular combustion chamber. 

3. Two stage primary turbine (gas 

generator). 







4. Two stage free turbine with power 
output shaft passing concentrically 
through the gas generator shaft. 

5. Hydromechanical control system. 
In the turboshaft version the rota- 

5 tion speed of the free turbine is 

controlled. In the turboprop the 
gas generator is governed. 


The T64 turboshaft for helicopters. Power output 2650 s.h.p. Compressor ratio 12.6: 1. Air mass flow 24.46 Ib/sec. 


Length 7.62 ft. Height 2.51 ft. Weight 852 Ib. 
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Turboprop 


By Joseph Szydlowski, Chairman and Managing 
Director of Turboméca 


iF was at the time when turboprops clearly 
proved their superiority over piston engines, if 
not earlier, that the desire first arose to equip 
small aircraft as turboprops. This explains why, 
six years ago, tests were carried out on a Cessna 
XK-19 equipped with a Turboméca Artouste I 
turboprop. These tests, whilst promising, were 
broken off in view of the high fuel consumption 
then encountered (0.99 Ib/hp/h). The develop- 
ment of turbo engines was, however, actively 
carried on during the three succeeding years and 
reached a point where, in 1957, the writer was 
able to say at a Conference of the Institute of 
Aeronautical Sciences, New York: ‘“‘The moment 
has now arrived when the small gas turbine is 
going to be in a position to compete with the 
piston engine in the latter’s most traditional field 
of application, namely in conjunction with the 
propeller, even where relatively low power is 
called for.” 

Not only was this possibility transformed into 
a reality, but today’s reality has in fact out- 
stripped yesterday’s possibilities. 

Whereas at that time a fuel consumption at 
ground level of 0.69 Ib/hp/h was being spoken of, 
today the corresponding consumption figure is 


The Low-power 


The Progress of the Astazou 












Four Turboméca Astazou Il 
turpoprops, each of 530 
s.h.p. maximum, equip the 
Potez 840 short-range and 
executive aircraft. In con- 
sequence of the small dia- 
meter of this engine (1 ft 
6 in.), slim nacelles of low 
air drag are adequate. 


0.55 lb/hp/h. It must moreover be made clear 
that the consumption of 0.69 Ib/hp/h was ob- 
tained with a much larger engine than the one 
which has today achieved the figure of 0.55 
lb/hp/h. One wondered at the time whether small 
turbo engines would not have a lower efficiency 
than large turbo engines. There is however no 
longer any doubt. The performance of our 
600 h.p. Astazou gas turbine is at least as good 
as, for example, that of our 1000 h.p. Bastan 
turbine. 

As is known, the difficulties of developing a 
gas turbine increase when its power diminishes. 
The reasons for this, namely increasing rotational 
speeds, minimal wall thickness, tolerances, 
screws and bolts, ducts etc., are common know- 
ledge. Moreover, in this power range, the cost of 
production is in no way proportional to the 
weight or power of the engine. The weight-to- 
power and price-to-power ratios increase when 
the power drops below a certain level, specific 
consumption being assumed constant. 

Given that the application for a turbo engine 
on multipurpose 1—6 seat aircraft lies for the 
most part in the field of civil aircraft, the problem 
of putting it on a commercial footing is a very 


Cutaway of the Turboméca 7. Torch igniter 14. Second-stage turbine rotors 
Astazou engine: 8. First guide vane ring 15. First-stage turbine rotors 
(turbine) 16. Turbine casing 
1. Air intake 9. Second guide vane ring 17. Tubular shaft 
2. Axial stage of the compressor (turbine) 18. Compressor casing 
3. Guide vane ring 10. Third guide vane ring 19. Compressor centrifugal stage 
4. Blades of centrifugal impeller (turbine) 20. Auxiliary gearbox 
5. Centrifugal compressor dif- 11. Rear bearing 21. Reduction gear 
fusor nozzles 12. Jet pipe 22. Propeller shaft 
6. Combustion chamber 13. Third-stage turbine rotors 
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- limits of a new power range. In any event, the 






acute one. In the military sphere, on the other 
hand, circurnstances are more favourable and the 
turboprop should be deemed preferable to the 
piston engine, even without advantages over the 
latter. It was in May 1956, on a visit to Bonn, 
that our attention was drawn to this fact by an 
inquiry from General Horten as to whether it 
would not be possible to use the turboprop as a 
replacement for the piston engine in small com- 
munications aircraft. There was, even then, no 
doubt at all that all large aircraft would, in the 
foreseeable future, be equipped with turbo- 
engines and that, when this happened, it would 
be highly inconvenient to be obliged to maintain 
supplies of special fuel just for the sake of the 
piston engines in small communications aircraft. 
Leaving aside questions of fashion, although their 
importance as regards civil aviation must in no 
way be underestimated, one cannot get away 
from the fact that, to persuade customers to give 
preference to turboprops over piston engines, it 
is absolutely essential to be able to point to com- 
mercial advantages. And such advantages must 
be substantial, as there is also some inertia to over- 
come. Aircraft constructors are not all ready to 
replace the well-tried piston engines without further 
ado; turboprops, despite all the success they have 
had, are still at times regarded with some suspicion. 


This shows that there is always some risk in 
deciding on where to situate the upper and lower 


following conditions must be satisfied: 


1. The power range chosen must relate to a 
category of aircraft for which important outlets 
exist; this is essential to ensure production on 
adequate scale, and hence low production costs. 
If sales figures relating exclusively to low power 
piston engines are examined in this light, one is 
led to conclude that the limit should be above 
250 h.p.; 


2. The price of a turboprop, considered in 
relation to its power, must be able to compete 
with that of the piston engine; 
















3. Reliability must be at least equal to that of 
the piston engine; 

4. Operating costs must be lower. 

The first two essentials seem, on reflection, 
hard to reconcile, but the turboprop is not a 
mere replacement for the piston engine, power 
for power. The question is rather what improve- 
ments in flight performance can be hoped for in 
any given aircraft if the piston engine is replaced 
by the turboprop; will the range increase or 
remain the same for the same take-off weight? 


It was these considerations and very thorough 
research which brought the Astazou turboprop, 
originally intended for 380 h.p., into being. 

The problem of power thus seemingly solved, 
we were immediately confronted with that of the 
propeller and its speed control system. In modern 
turboprops, the speed control system has 
reached such a degree of complexity, that its use 
on a smalJ turboprop is excluded straightaway 
on financial grounds. In fact the cost of such a 
system is to a large extent independent of the 
size of the engine in which it is incorporated. The 
propeller speed control systems for use in turbo- 
props, which are at present known, are essentially 
developments of those used in piston engines, 
that is to say, they have been adapted to meet the 
particular demands of turbo-engines by the 
addition of some devices. In the case of our 
Astazou turboprop, a different course had to be 
adopted, in order to achieve the same goal by 
simple and economical means. We do not pro- 
pose here to enlarge on the multiplicity of reason- 
ing, tests and development work which lie behind 
the Astazou turboprop in its present form, but 
we shall give a brief description of the engine be- 
fore dealing with the flight tests and the results 
they yielded. 

There is no universal formula for the construc- 
tion of a turbo-engine, and each problem has to 
be solved individually. Examination of a cutaway 
of the Astazou engine shows that the compressor 
consists of two stages—the first axial, and the 
second centrifugal. The fact that we have not 
abandoned the centrifugal compressor does not 
mean that we are unable to solve the problem 
with a solely axial compressor, but is because we 
are convinced that the centrifugal compressor 
offers the only real solution to this problem. As 
one can see for oneself, the maximum diameter 
of the engine is in no way determined by the dia- 
meter of the centrifugal compressor, but by the 
propeller hub and annular air intake assembly. 
A purely centrifugal construction would, in fact, 
be the best solution here; unfortunately, however, 
we have not yet succeeded in producing a centri- 
fugal compressor with a pressure ratio above 5.5, 
satisfactory in operation, and really efficient. In 
our view, the combination of an axial and a cen- 
trifugal compressor is at present the most eco- 
nomic way of achieving the desired object. 


There is no need to dwell on the centrifugal 
injection combustion chamber, its value having 
been amply proven by the fact that many thou- 
sands have been produced. 


Particular attention was paid to the turbine; 
the improvement in specific consumption achieved 
in the course of developing the Astazou engine is 
fundamentally due to the increase in the effi- 
ciency of the turbine. 

The reduction gear did not give rise to any 
difficulty despite the high entry speed of 43,500 
r.p.m. The principle of the propeller speed control 
system enables a torque meter to be dispensed 


with, resulting in important simplifications to the 
engine. 

The fundamental characteristics of the propel- 
ler speed control system in the Astazou are that, 
except during taxiing on the ground, when rotation 
speed can be reduced in order to cut down noise, 
rotation speed remains constant and equivalent 
to 43,000 r.p.m. in all phases of operation. 
Rotation speed can be reduced in cruising flight, 
in cases where such reduction would be of advan- 
tage; this, of course, depends on the charac- 
teristics of the aircraft itself. Engine rotation 
speed is kept constant by an isochronous gover- 
nor, variations in power being obtained by adjust- 
ment of the propeller pitch by the pilot. If pro- 
peller pitch remains constant, the power taken 
up by the propeller diminishes, at constant 
rotation speed, when flight speed is increasing; 
if, therefore, it is desired to take off at maximum 
power, the propeller pitch must be constantly 
coarsened during take off. This can be achieved 
automatically, and is simply a matter of pushing 
a button. When replacing a piston engine by a 
turboprop in conditions mentioned earlier — 
similar take-off weight for equal range —available 
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propeller minimizes the danger of loss of engine 
owing to a breakdown in the propeller speed 
control system. In fact, whether the aircraft is 
taking off, climbing, or cruising, propeller pitch 
is always at such a setting that, in case of a 
breakdown, the pilot can return to his airfield or, 
if on a communications flight, to the nearest land- 
ing ground, where he will be able to carry out a 
glide landing, after stopping the engine and 
feathering the propeller by means of a hydro- 
mechanical device. If current breakdown should 
occur during an approach, a hazardous landing 
need be anticipated only if the aircraft is under- 
shooting and, even for this relatively unusual 
contingency, a safety device is provided which 
permits the propeller to be fed direct from the 
battery, with all circuits by-passed. These cha- 
racteristics of the electric propeller are na- 
turally of prime importance for single engine 
aircraft, which, numerically speaking, represent 
the majority in the range of aircraft under con- 
sideration here. The decisive advantages of this 
system, comprising propeller speed, control 
constant rotation speed, and variable pitch pro- 
peller, show up above all in landings. Hardly 


SFERMA, of Bordeaux, whose speciality is overhaul and repair, has been engaged for two years on converting executive 
aircraft to turbo-propulsion. The five-seat Marquis (two Turboméca Astazou II engines) is derived from the Beech 
Baron (two Continental 10-470 piston engines). 


power can be more than doubled. This, however, 
means that excellent takeoff performances can 
be achieved without calling on anything like the 
engine’s maximum power. Consequently, the 
degree of accuracy stipulated in respect of the 
automatic pitch control system is in no way un- 
reasonable. To avoid turbine deterioration, the 
propeller pitch is locked or reduced when there 
is danger of overheating. 

For our first flight tests we used propellers with 
hydraulic pitch control. The disadvantages of 
such hydraulic propellers lies in the fact that, if 
there is a fall in oil pressure, they go into maxi- 
mum fine or coarse pitch, depending on the pro- 
peller design. Even if one can manage to mitigate 
the dangers involved, namely disking and turbine 
overheating respectively, one is still faced with 
the fact that, in such a case,engine power can no 
longer be used. 

The propeller with electrically controlled pitch 
developed by Ratier-Figeac overcomes these dis- 
advantages. In the event of current breakdown, 
the pitch selected is not altered; the pitch chang- 
ing mechanism is irreversible, owing to the ratio 
of its gearing. This characteristic of the electric 


have the wheels touched ground when the pro- 
peller can be brought into braking position with 
full power, which appreciably reduces ground 
roll. For this reason alone, our Astazou engine has 
already excited considerable interest in Scandi- 
navian countries, propeller braking being the 
only way of making short landings on frozen 
aerodromes. In order to test the precision and 
stability of the propeller speed control system 
even at flight speeds, a Nord 1110 was used and 
put into a dive at about 10,000 ft, making it 
possible to attain a speed of 302 m.p.h. 


The Astazou turboprop was first put on a test 
bench on August 19th, 1958. It then gave 385 
s.h.p. with a specific consumption of 0.82 lb/hp/h. 


On February 18th 1960, it received type certi- 
fication from the French authorities. Whereas, 
for that test, the specific consumption at takeoff 
related to equivalent power was still 0.65 1b/hp/h, 
in series production we have reached an e.h.p. at 
takeoff of 561 h.p. and a consumption of 0.58 
lb/h.p./h. These performance figures were certi- 
ficated by the French Air Ministry on May 28th 
1961, after an official test of 150 hours. 
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By installing a Turboméca Astazou Il 
turboprop, the Swiss Pilatus-Werke suc- 
ceeded not only in raising the payload of 
their STOL transport by 350 Ib, but also 
in considerably increasing the aircraft’s 
performance. The variable pitch propeller 
is by Ratier-Figeac. In the upper picture 
can be seen the wheel-ski combination 
undercarriage developed by Pilatus- 
Werke, which is especially for high moun- 
tain use. 


The consumption figures must not be bluntly 
compared with those for piston engines. Piston 
engines in this power range are exclusively air- 
cooled engines and the loss of power caused by 
cooling must not be under-estimated. According 
to the engine specialists, it amounts to 10 —12 per- 
cent. The same is true of drag. 


In the air-cooled supercharged engine, part of 
the cooling is achieved by using a richer mixture, 
which entails fuel consumption in excess of 0.82 
Ib/hp/h. This is particularly important in the 
case of mountain flights, which for practical 
purposes must be flown at full power. But, 
even in the case of many normally aspirated air- 
cooled engines, takeoff power is limited in hot 
weather by cylinder head temperature. 


The increased power of the Astazou has been 
attained to a large extent by an increase in 
efficiency. The 562 h.p. engine shows a con- 
sumption of 0.6 Ib/hp/h at 470 h.p., or 0.11 
lb/hp/h less than the figure reached at the same 
power in the official test, itself a top figure at the 
time. It is, therefore, a question not of a larger 
engine but of an improved one. 

It should also be borne in mind that the horse- 
power of 562 is achieved with a turbine entry 
temperature of 850°C which, having regard to 
the materials which are available today, is low. 
Meanwhile, with the same turbine entry tem- 
perature, an e.h.p. of 600 has been achieved with 
a specific consumption of 0.55 Ib/hp/h. 


At the same time as the uninterrupted develop- 
ment work, directed towards increasing the 
efficiency and reliability of this engine, was 
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going on, steps were also being taken to achieve 
the indispensable reduction in production costs. 
The fact that the Astazou has been designed and 
constructed by private enterprise means that all 
appropriate steps can be taken to establish a 
wide market for this turbo-engine. 


We are convinced that the replacement of the 


piston engine by the turboprop represents a con- 





siderable step forward, even in the case of smaller 
aircraft, and will bring a new advance in the field 
of civil and, above all, private aviation. We shall 
now try to give some reasons for this optimism. 

True to the principle that an aircraft engine 
can be tested only in flight, we addressed our- 
selves, before the final completion of the first 
Astazou, to the problem of test-flying. As the 
resources put at our disposal were insufficient to 
set-up a flying test-bed, we let ourselves be guided 
by our own feelings and by the advice of ex- 
perienced test-pilots, and decided to take the risk 
of installing a turboprop in a single-engined air- 
craft. Max Holste was good enough to place its 
MH 152 prototype at our disposal for this pur- 
pose, and SFERMA undertook the modification 
at its own expense. The help of Jacques Lecarme, 
SFERMA’s Chief Pilot, and of test pilot Henri 
Alligier was especially valuable to us during the 
test flights. 

The Max Holste MH 152, designated MH 153 
after the installation of the Astazou turboprop, 
was highly suitable for development work on the 
engine and propeller governor systems, as well 
as on reliability. This was on account of the very 
large cabin, which enabled a great many meas- 
uring and recording instruments to be installed. 
The results, very promising even for a first flight, 
encouraged the French Service Technique Aéro- 
nautique to place at our disposal a Nord 1100 
for fitting with a turbo-engine. 

The Nord 1100 is a development of the Taifun, 
designed by Professor Messerschmitt in 1934. 
The replacement of the piston engine by a turbo- 
prop involved some modifications to the air- 
frame, in order to enable the aeroplane to accept 
the increase in power and air-speed. This modi- 
fication was also carried out by SFERMA of 
Bordeaux. The aircraft, designated Nord 1110 
after modification, flew for the first time on Octo- 
ber 15th, 1959. From the figures we quote one 
can gain some idea of the progress achieved. For 
a flight at 200 m.p.h. the fuel consumption of 
our Cessna 310 aircraft, equipped with two Con- 
tinental piston engines, was 29 litres/100 km. In 
identical conditions, the Nord 1110, equipped 
with an Astazou engine, consumed 30 litres/ 
100 km. Given that in France aviation spirit 
costs NF1.08 per litre and kerosene only NFO.33, 
the fuel cost per 100 km works out at NF 31.3 
for the Cessna 310, and only NF 9.9 for the Nord 
1110—less than a third, in fact. Whilst the Nord 
1110, which is now used by us for liason, dem- 
onstration, and reliability work, can compete 
with modern aircraft on the score of flight per- 
formance, it falls short of today’s demands in the 
way of comfort. Hence, rather than equip other 








Bastan Turboprop 


This is the oldest turboprop which Turboméca at present 
has in production. Our picture shows the latest version, the 
Bastan IV, with the variable pitch propeller supplied by 
Ratier-Figeac. At takeoff, the Bastan /V has an output of 
930 s.h.p. or 1,000 e.h.p. For continuous operation, the 
figures are 800 and 865 h.p. respectively. In the latter, case, 
specific fuel consumption runs to 0.61 Ib/ehp. These per- 
formance figures are related to a constant rotational speed 
of 33,500 r.p.m. The constructor announces an increase in 
power to some 1,200 h.p. by the end of this year or early in 
1962. With one axial and one centrifugal compressor stage, 
an annular combustion chamber and three-stage turbine, the 
Bastan resembles the Astazou and can in some respects be 
considered its ‘big brother.” The Bastan /Vs equip the Max 
Holste Super Broussard feeder aircraft, under series 
construction at Nord Aviation. Turboméca is also develop- 
ing a bypass engine with high bypass ratio (about 2: 1) 
from the Bastan, and this engine is due to start flight test- 
ing at the end of 1962. 



























The Turmolll Free Turbine 


Turboméca, who has hitherto specialized in all 
types of small engines, is now unmistakably break- 
ing into the medium power range with the Turmo. 
Whereas in 1957 the prototype delivered only 800 
h.p., the latest versions, namely the Turmo I1IC2 
turboshaft and the Turmo 111D2 turboprop, deliver 
some 1,300 h.p., and the probable limit of 1,500 
h.p. is expected to be reached in 1962. 

As can be seen from the drawing, the Turmo is 
a gas generator with a two-stage compressor (as in 
the case of most of the later Turboméca engines, 
the first stage is axial and the second stage centri- 
fugal), an annular combustion chamber, a _ two- 
stage gas generator turbine, and a one-stage free 
turbine. In the Turmo IIIC, as fitted in the Sud- 
Aviation Frelon helicopter, output shaft rotation 
speed is 6,000 r.p.m. 

The turboprop version was specially developed 
for the Breguet 941 STOL transport, and has plane- 
tary reduction gear and clutch; propeller rotation 
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Cutaway of the Turboméca 6. Centrifugal compressor 











For both versions, the time between overhauls is, 


Turboméca has developed the Turmo IIID turboprop 
specially for the Breguet 941 STOL transport aircraft. 





speed is 1,200 r.p.m. The Turmo IIID is also Turmo ITIC engine: diffusor nozzles _ 

intended as the engine for the Sud-Dassault wa 7. Annular combustion 11. Second rotor (primary 

Spirale III. 1. Air intake chamber with centrifugal turbine) ; 
2. Axial first stage of the fuel injection 12. Entry guide vane ring 


compressor 8. First guide vane ring 


at present, some 750 hours, but this is expected to 3. Guide vane ring of the (primary turbine) 13. Reduction gear 
be increased in the course of this year to more compressor stage 9. First rotor (primary 14. Exhaust pipe 
than 1,000 hours, and to reach 1,500 hours by 1963. 4. Centrifugal impeller turbine) 15. Rotor (free turbine) 
5. Flow straightener 10. Second guide vane ring 16. Torch igniter 
vanes (primary turbine) 17. Accessory gear box 


Shaft horsepower 


(free turbine) 


Performance diagram of the Turboméca Turmo JIID 
turboprop. The heavy lines refer to constant flight 
altitude, and the dotted lines to constant specific fuel 
consumption. 
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aircraft of the Nord 1100 type with the Astazou 
turboprop, we decided to equip a modern light 
aircraft in order to be in a position to test our 
Astazou turbo-engine in a distinctly higher speed- 
range. 

We selected the Beech 95 Travelair. The air- 
craft, fitted with two Astazou I engines, was 
designated the Beech SFERMA PD 146 Turbo- 
Travelair. It made its first flight on July 12th 
1960, when it confirmed the sensational perform- 
ance anticipated. The following figures are 
taken from chief pilot Lecarme’s report, dated 
July 28th, 1960. ““With 400 h.p. per engine and 
at a weight of 4,928 Ib., takeoff is accomplished 
in 8 seconds over 495 ft, and landing, without 
propeller braking, within 660 ft. The aircraft 
Climbs to 9900 ft in 314 minutes, the rate of climb 
is more than doubled.” 

In the face of these figures, even the most par- 
tisan defender of the piston engine will concede 
that this type of aircraft can no longer be built 
with piston engines, as it is then no longer com- 
mercially competitive; an air speed of almost 
312 m.p.h., together with extraordinary takeoff 


and landing performances, are entirely new phe- 
nomena in this aircraft. The last point is, 
perhaps, more important than the high air- 
speed: high flight speeds can likewise be ob- 
tained with jet engines, but their use is linked 
with certain lengths of runway. Indeed, jet 
engines will give still higher speeds, but in that 
case a pressurised cabin becomes an absolute 
essential. Aircraft of the PD 146 Turbo-Travelair 
type can land on, and takeoff from, the smallest 
landing strips. This is particularly important for 
future European private traffic, as large concerns 
will be able to provide themselves, without for- 
mality or great expense, with improvised land- 
ing strips situated near their factories, and 
ideally suited for use by this aircraft. 

Two other aircraft have been re-equipped to 
date, and a total of ten are in course of re-equip- 
ment. 

Astazou turboprops have also been installed on 
the Dornier Do 27 and the Pilatus Porter STOL 
aircraft. This has yielded spectacular results as 
regards takeoff performance, rate of climb, cruis- 
ing speed, and service ceiling. 


The first aircraft officially designed to be 
equipped with Astazou turbines as powerplant 
is the Potez 840 four-engine turboprop aircraft, 
which flew for the first time on April 29th, 1961. 
A second one will fly before the end of the year. 

The Astazou turboprop has meanwhile com- 
pleted over 3,500 hours bench testing and 1,500 
hours flying. 

Finally, as far as price and operating costs are 
concerned, our calculations to date have shown 
that the Asfazou turbo-engine can compete with 
supercharged piston-driven engines in this class, 
always provided price is considered in relation 
to power. Reliability and operating costs are 
statistical concepts, and our experiments to date 
enable us to say without hesitation that reliability 
is greater and operating costs lower than in the 
case of a piston engine. 

At the outset, we set ourselves the object of 
proving that a turboprop of 500—600 h.p. is a 
most significant engine, cut out to play a part of 
prime importance in civil and, above all, private 
aviation over the next few years. We trust that 
our article has succeeded in its purpose. + 
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The history of the gas turbine engine is one 
of steadily mounting power outputs and relia- 
bility. Acquisition of experience and develop- 
ments in metallurgical techniques have enabled 
engine designers to achieve two important ad- 
vances. On the one hand, engine power/weight 
ratios have steadily increased, and on the other, 
the durability of the materials used in engine 
construction has led to greatly increased times 
between overhauls. Both these factors are of 
vital importance in the economics of engine 
operation, particularly in the civil field. 


It would be reasonable to say that the first 
chapter in the development of the jet engine has 
closed. Power and reliability are accepted as 
commonplace, and the problems of economy in 
fuel consumption and of noise reduction have 
now become the themes of the next chapter. 


The engine designers having achieved the 
primary objectives of power and reliability, 
there has been a trend in recent years to exploit 
these factors. This has been demonstrated by 
the appearance of a number of small, medium- 
powered engines. At the same time, a number 
of civil and military aircraft have been pro- 
posed, and in some cases constructed, which 
have been designed to take advantage of these 
light-weight, but highly efficient, powerplants. 


This tendency has been reflected by the re- 
cent appearance of Pratt & Whitney, the engine- 
manufacturing division of United Aircraft Cor- 
poration, in the small engine field. 


Design of the first of the Pratt & Whitney 
smaller jet engines, the JT-12, began in July 
1957. After only eleven months it was test 
run in May 1958, and by August 1958 had 
successfully completed its 50-hour endurance 
test. During the past three years, the engine 
has been subjected to an intensive development 
programme, and it will now enter service with 
an officially approved time between overhauls 
of 800 hours. 


At present, eight engines are being used in 
the development programme and these are 
being run in sea level test stands, in a B-45 
flying test bed and in the Pratt & Whitney 
Willgoos Altitude Test facility. The develop- 
ment running time to date totals over 11,600 
hours, of which over 200 have been carried out 
in the B-45 test bed and more than 900 in the 
Willgoos laboratory. 


The JT-12 was designed to meet the require- 
ments of a high-performance engine for the 
small commercial transport and for business 
and executive jet aircraft. A further application 
is for powering missiles and target drones. To 
date, the engine has been chosen for installation 
in five aircraft programmes, including the Ca- 
nadian CL-41 trainer, the North American T-39 
Sabreliner, the Lockheed JetStar executive air- 
craft and the Fairchild SD-5 surveillance drone. 
The engine is also to be installed in a modified 
form in the Sikorsky S-64 crane helicopter. A 
total of 3,900 flying hours has already been 
attained by the first four aircraft mentioned and 


The small size of the JT-12 engine can be appreciated from 
this photograph. The fore and aft view displays the simplicity 
in design, as exemplified by the fixed intake guide vanes and 


fixed diameter jet pipe. 
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The JT12 and PT6 gas turbines 





Two newcomers from Pratt & Whitney 





the engine orders for these projects amount to 
over 600, of which 180 have already been de- 
livered. 

In configuration, the engine is compact in 
size, with a frontal diameter of 20.22” and a 
total weight of 436 pounds. It is an axial flow, 
medium pressure ratio engine, with a nine- 
stage single-rotor compressor driven by a two- 
stage turbine. Take-off thrust is 3,000 Ib, giving 
a power/weight ratio of 7: 1. The specific fuel 
consumption at take-off is 0.960 Ib/Ib/h, and at 
the maximum cruise thrust of 2,140 Ib the 
s.f.c. is 0.89 lb/Ib/h. 

A particular feature of the JT-12 engine is its 
adaptability for other applications. A version of 
the engine aimed at Mach 2.0 operation is at 
present under development. This is designated 
JT12A-20 and consists of the basic JT-12 gas 
generator fitted with an afterburner. An experi- 
mental run of this engine was first made in 
February 1959 at a takeoff rating of more than 
4,000 pounds. The total weight of this instal- 
lation comprising engine and afterburner is 
645 lb, and the specific fuel consumption at a 








takeoff rating of 3,900 lb is 2.30 Ib/Ib/h at sea 
level static. A particular application of this 
version is powering high-performance vehicles, 
such as air-breathing missiles and surveillance 
and target drones. 

A third version which is also under develop- 
ment is the JT-12 coupled to a free turbine 
drive. The first installation of this new engine, 
designated JFTD-12, will be in the Sikorsky 
S-64 Sky Crane twin-engine helicopter. The 
weight of the engine complete with free turbine 
and shaft drive is 870 lb and, during a recent 
50-hour test, the engine satisfactorily demon- 
strated its ability to meet specification shaft 
horsepower and fuel consumption ratings. The 
version planned for the S-64 will develop 
4,050 s.h.p., and the first experimental ground 
test engines were delivered to Sikorsky for ad- 
vanced testing in April 1961. These engines will 
be used for full-scale rotor test stand evaluation 
from June 1961 onwards. 

An industrial version of this engine, desig- 
nated FT-12, is also foreseen. This will have a 
maximum rating of 3,000 h.p., and the pro- 
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The JFTD-12, a development of the JT-12 pure jet, will develop 
4,050 h.p. and can be adapted for air, ground and marine applica- 
tions. The photograph shows the power turbine housing with the 
drive shaft passing through the sideways deflected exhaust outlet. 


Technical. data for the PT6 
PT6A-3 Turboprop. 











ESHP SHP Propeller Fuel 
RPM consumption 
Saree 500 466 2,200 0.69 Ib/e.s.h.p./hr 
Max. continuous. . 450 418 2,200 0.71 Ib/e.s.h.p./hr 
Normal rated ... 371 2,180 0.73 Ib/e.s.h.p./hr 


400 
Engine weight — 250 pounds 





PT6B-3 Turboshaft 





SHP Shaft Fuel 
RPM consumption 





\ i 2 rrererwer 500 6,230 0.70 Ib/s.h.p./hr i 
Max. continuous. ...... 450 6,230 0.72 Ib/s.h.p./hr 
Normal rated ........ 400 6,230 0.74/Ib/s.h.p./hr | 


Engine weight—225 pounds | 





past year. About 16 percent of these tests 
have been carried out at the maximum s.h.p. 
rating. 

The JT-12 is the first of the small gas tur- 
bines produced by Pratt & Whitney, and the 
time that has elapsed since the commencement 
of design has been incredibly short. It is not, 
however, the only small engine that the com- 
pany is engaged upon, and the Canadian sub- 
sidary of Pratt & Whitney has also been con- 
cerned with the design and production of a 
small engine. 


Canadian Pratt & Whitney commenced 
design of the PT6 free turbine engine in January 
1959. Many members of the design team en- 
gaged on this work had previously been working 






benefited from the experience in small engine 


spective uses include such applications as pri- 
mary and boost power for ships, high pressure 
pumps and compressors, and electric power 
generators, and as propulsion for large ground 
vehicles, such as tanks and _ earth-moving 
equipment. 


During the first year of JFTD-12 develop- 
ment, the total test time for the two gas 
generators and the free turbine drive assemblies 
has reached 740 hours. Engine endurance 
running has exceeded 320 hours, and several 
50-hour tests have been completed during the 


| 
on the JT-12 and, in consequence, the PT6 | 
| 


design which had been obtained on its prede- 
cessor. 

The PT6 is a small 500 h.p. turboprop/turbo- 
shaft engine which is available in a choice of 
three output shaft speeds to suit fixed-wing, 






















: : Detail showing interconnection of gas 
Side view of the JFTD-12A-1 free turbine engine. The generator and free turbine. 
addition of the power turbine and output drive shaft has been 


achieved with the minimum increase in the overall size of the 





} 

engine. | 

| 

A cutaway diagram of the JFTD-12A-1 1 2 3 4 5 6 8 

engine. | | | + | | 

1 — Nine stage axial compressor j | 

2-— Combustion chamber t4 } f é ; 
3 — Flame tube 7 mall at : 


4-—Single rotor shaft 

5— Two stage compressor drive turbine 
6 — Two stage power turbine 

7 — Power turbine shaft 

8 — Exhaust outlet MW 9 
9— Drive shaft output coupling 
10 — Accessory gear box 
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A turboprop version of the Canadian Pratt & Whitney PT6 engine installed in the nose of a Beech 18 for flight testing. 
The radial air intake can be seen at the rear of the engine while the two exhaust ducts are mounted on either side near 


the propeller hub. 


helicopter, or even unconventional VTOL ap- 
plications. The engine layout is of particular 
interest, as a number of design features have 
been incorporated to reduce the overall size of 
the unit and to enable it to be installed as either 
a tractor or pusher turboprop. 

The overall length of the engine is 51.65 in. 
and the maximum diameter is 18.5 in. Within 





these slim dimensions are contained a four-stage 
compressor, a single-stage turbine and a single- 
stage power turbine. An opposed shaft turbine 
layout replaces the more common concentric 
shaft design, and the radial air intake lies at 
the rear of the engine. This inlet arrangement 
makes the engine insensitive to the direction of 
the intake airflow and, in consequence, the 











Diagram of the PT6 engine design. After leaving the centrifugal fourth stage of the compressor, the gas path is folded 
in the combustion chamber before passing through the two turbines. This layout enables the turbines to be positioned 
within the combustion chamber envelope, thereby shortening the overall length of the engine. The planetary reduction 
gearing for the output shaft occupies the front end of the engine while the accessories are driven from the aft end of the 


gas generator shaft. 


A cutaway view of the PT6 engine. The layout of the opposed shafts and the gas flow pattern can be clearly seen in this 
model. At the rear of the engine are the drive connections for the starter-generator, hydraulic and vacuum pumps, tacho- 
meter and extra power take-off, together with the drives for the Hamilton hydromechanical fuel control and oil pumps. 




























Turbine Powerplants 








engine can be installed to drive a helicopter in a 
position either fore or aft of the aircraft trans- 
mission. 


After entering the radial intake at the rela- 
tively low velocity of 20 f.p.s., the air passes 
through three axial and one centrifugal com- 
pressor stages to the annular combustion 
chamber. From the combustion chamber, the 
gas flow passes through the compressor drive 
turbine and finally through the power turbine, 
before being exhausted through two ports near 
the nose cap of the engine. 


The use of an opposed shaft power turbine 
obviates the engineering difficulties that would 
arise with concentric shafting. The small dia- 
meter of the compressor shaft would make 
bearing arrangements impractical if the power 
turbine shaft was to pass concentrically through 
it. 

A further advantage is that the power tur- 
bine can be made to contra-rotate in relation to 
the compressor turbine, which offers greater 
efficiency in that a measure of torque reduction 
is achieved by the counteraction of the two 
shafts. 


In the turboshaft version, the output from the 
power turbine shaft drives a single stage plane- 
tary reduction gear giving a rotation speed of 
6,230 r.p.m. For the turboprop version, a double 
stage reduction gear reduces the output to 
2,200 r.p.m. In both cases a simple overspeed 
limiter cuts the flow to the gas generator in 
case of possible unloading of the drive system. 


The actual development of the PT6 engine 
has been remarkably rapid. Design was initiated 
in January 1959 and the gas generator section 
was run in November of the same year. Fourteen 
complete engines are now running in develop- 
ment work and 1,500 hours have been logged 
to date. Over 6,000 hours have been completed 
on testing of components, such as turbines and 
compressors. It is anticipated that the 50-hour 
preliminary flight-rating test (PFRT) will be 
completed in July of this year and this will be 
followed by the 150-hour programme to obtain 
certification for production. The production 
eneines will be available in 1962 and it is 
epected that the growth potential of this small 
engine will exceed 600 h.p. 

The existence of lightweight engines of this 
class fulfils an essential need in both the fixed 
wing and helicopter fields. The freedom from 
vibration, which is enjoyed by turbine enginés, 
greatly improves the flying characteristics of 
light aircraft, whilst the ability to cruise com- 
fortably and economically below 15,000 ft and 
also to climb over bad weather conditions to 
25,000 ft greatly increases the utility of a small 
aircraft. This will be even more apparent when 
pressurized cabins become more commonplace 
in touring aircraft. 


It is of interest to quote the results of a study 
carried out by Pratt & Whitney in this con- 
nection. A comparison of performances between 
the piston-powered and PT6 version of a typi- 
cal twin engine pressurized aircraft indicated 
that the PT6 version would have an advantage 
in speed and range of more than 15 percent. If 
the comparison is made at maximum range 
power, the speed increase becomes 44 percent 
in favour of the PT6 for the same range. 


Apart from the advantages quoted above, 
there is a further point in favour of the small 
gas turbine. The simplicity of single lever or 
automatic engine control greatly reduces the 
work load on the pilot. In general terms this 
will be reflected both in greater safety and in 
greater utilization of the aircraft. With these 
attractions to offer to the potential user, it is not 
surprising that the small gas turbine is gaining 
rapidly in importance. + 





only the helicopter 


Of all V.T.O.L. devices, only rotorcraft can:- 
Operate true city-centre/city-centre services. : 
Move civil or military passenger and freight 

quickly direct to remote or confined sites, 

using only small, easily-prepared landing pads. 

Work as flying cranes, picking up and 
delivering loads—and handling them on site— 
in places where they cannot land. 

Transfer casualties quickly and smoothly 
straight to hospital after accidents at sea, or 
in mountains or other inaccessible spots. 

Drastically slash busy Company executives’ 
travelling time between their headquarters 
factory. and outlying sites or other factories. 

Provide the most effective defence against 
the speed and manoeuvrability of the 


nuclear-powered submarine. 
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Incorporating: Saunders-Roe Division Bristol Vicon Division Fairey Aviation Division 
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Morava L200 


























Wings of commerce 





OMNIPOL Foreign Trade Corporation 
11 Washington Street, Prague 1 CZECHOSLOVAKIA 


Agents : Argentina: Aeropat S.R.L., Casi//ia de Correo 21, San Fernando, Provincia 
Buenos Aires — Australia : Dulmison Aircraft Ltd., A.M.P. Building, 40, Miller Street, 
North Sydney — Austria: Ing. Alfred Rutte, Berggasse 16, Vienna |X — Belgium: Raymond 
Heuvelmans, 36, avenue Albert-Jonnart, Brussels — Brazil : Cia. Latino Americana de 
Material Aeronautico, Rua dom Jose de Barros 17, Sao Paulo — Chile: F. Speringer, 
Av. 10 de Julio 1150, Santiago de Chile—Colombia: Importadora Dantafé Ltada, Bogota. 
Denmark: Hammers yee pete oncee: , Kopenhagen — Federal German Republic: 
Aircraft G. Krautheim G randstrémstr. 34, Nuremberg — France: E.A. 
46, rue Jacques-Dulud, Neully-sur-Seine, Seine — Great b tea Aircraft and Generai 
Finance Corporation Ltd., 3, Red Place, Green Street, London Wi — Holland : Sees 
dr. Esq., j Het Oosten, Thierenskade 27, Rijswijk Z.H. — Iraq : 
Engineering and eae ‘Services W.L.L., Baghdad — Spain : Suministros indus- 
vat Meyer, Av. José-Antonio 76, Madrid — ‘Switeerland : Edwin Ott, Oerlikonerstr. 27, 
urich. 

















@ Aircraft for men of standing 
@ Aircraft for those who cannot be dependent on airline schedules 
@ Aircraft for those who must be able to go anywhere at any time 


* icra for travelling all over the world, comfortably and 
safely 


Easy piloting, flight speed—280 km per hour, ceiling—6,600 m, 
flight range—1,700 km, fuel consumption—27 litres/100 km. Two 
Walter M 337 engines with supercharger and direct fuel injection 
carry a pilot, four passengers and 110 kg luggage on wings of 
Morava. 








¥ devices iS necessary 
That's why miss 
rely on products 

npany. ™@ For example, 
Lockheed’s F-l( nters > AW Haydon 
electromechanical ling devices in their navi 
gational, environmental, fire control and ignition 
systems. In the DC-8, an infinitely variable timer 
controls de-icing. Electronic repeat cycle timers 
actuate warning devices in the 880 and 990 jet 
aircraft used by five international airlines. And 
more than two dozen AW Haydon timers are in 
the Hawk missile systems. @ For reliable air 
borne timers of every kind... electronic 
tromechanical consider The A 
Company. Shown: patented chrono 
nor which holds DC motor speed within 
under changing line voltages or shaft loads. De 
tails are available from our International Repre 
sentative, Robert |. Mendels 
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Total reliability 
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Supplies sealed, press 


for aircraft and mis 


switch used by man 
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@ B-52 STRATEGIC BOMBER — Inertial system for heading and vertical reference and for accurate release of Hound Dog 
and Skybolt missiles ; Doppler navigation system—all by General Precision. 


@) F-104J SUPERSONIC FIGHTER—All-attitude reference system by General Precision. 

@® F-106A SUPERSONIC FIGHTER —Flight simulator and stable coordinate reference system by General Precision. 
@ B-58 SUPERSONIC BOMBER—Flight simulator by General Precision. 

© F8U-2N SUPERSONIC DAY FIGHTER—Flight simulator by General Precision. 


© A3J-1 NAVY ATTACK BOMBER —Weapons system simulator—including flight, radar and ground mapping simulation 
by General Precision. 


@ KC-135 JET TANKER—Doppler system and directional gyro compass system by General Precision. 


F-10090 SUPERSONIC FIGHTER—Doppler system—navigation computer and directional gyro compass 
system by General Precision. 


© RF-101 SUPERSONIC RECONNAISSANCE FIGHTER—Doppler system and roll-stabilized directional gyro 
compass system by General Precision. 


RB-47 RECONNAISSANCE BOMBER— Doppler system directional compass system and true-heading computer system 
—including flight simulator—by General Precision. 


@ B-70 HYPERSONIC STRATEGIC BOMBER —1Ultra-high accuracy General Precision Doppler equipment for the bomb- 
nav system. 


@ RC-121D EARLY WARNING RADAR AIRCRAFT— Doppler sensor, Doppler inertial combiner/position keeper, central 
gyro reference system and directional compass system by General Precision. 


@ A3D-2 NAVY ATTACK BOMBER—Bombing-Navigation computer by General Precision. 





PRECISION IN COMMON | 


Manned aircraft of the aerospace age share a 
common reliance on General Precision’s electronic 
and electromechanical systems in the performance 
of complex missions. Nearly all advanced aircraft 
flown by our armed forces incorporate General 
Precision navigation and heading reference equip- 
ment. In addition, the fliers that man the aircraft 
have been largely trained on General Precision flight 
simulators. 


The four divisions of General Precision, Inc., are 
consolidated for the systems management of major 
new weapons and space projects. As a result, a 
manned-aircraft systems program can draw upon 
more than 16,000 General Precision employees 
(including 4,500 scientists, engineers and technicians) 
and well over 214 million square feet of combined 
plant space. 


This combination of talents and facilities, backed by 


the corporate financial resources of General Preci- 
sion, Inc., makes it possible to develop, produce and 
manage any advanced system for manned aircraft. 


GPL 
KEARFOTT 


GENERAL PRECISION, INC. UBRASCOP! 


PRINCIPAL OPERATING SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
Tarrytown, N.Y. 
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| OF EXPERIENCE 


are behind the latest developments of the French 
aeronautical industry, which have scored such success 
throughout the world 
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m THE MEDIUM RANGE JET LINER, WHICH HAS BEEN CHOSEN BY 12 COMPANIES 
FROM 11 COUNTRIES 


@ THE MACH 2 FIGHTER PLANE 
= LOW AND MEDIUM POWER JET ENGINES, APPLIED TO 


e JET HELICOPTERS 
¢ MILITARY TRAINER AND LIAISON PLANES 
¢ TRANSPORT AND EXECUTIVE PLANES 


mw BLOWN WING PLANES 


From the sport plane and Mach 2 fighter to missiles... 


THE FRENCH AERONAUTICAL INDUSTRY OFFERS A FULL LINE OF PRODUCTIONS 


m DEVELOPMENT AND RESEARCH FACILITIES 
m SERIES PRODUCTION FACILITIES 
m A VAST COMMERCIAL NETWORK 





make it possible to export to 35 different countries 





UNION SYNDICALE DES INDUSTRIES AERONAUTIQUES 

















4 rue Galilée - PARIS XVI - KLE. 89-10 



































RADIO-ALTIMETERS 


AM 221 


0 to 1000 feet 0 to 2500 feet | 2000 to 70000 feet 
Het ile Pah ins Mies A Clan gi AA aR 


+1 foot up to 50 feet 
+2% above 50 feet 150 feet 


2 A at 27 volts D.C. 
beat ee ae eet <r 


1 tube, 30 semi-conductors 25 semi-conductors 
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D.H.121-TRIDENT ... designed by de Havilland Aircraft Co. Ltd. 








(7 ia VCI10O... designed by Vickers-Armstrongs (Aircraft) Ltd. 








S.C.5-BELFAST.. .designed by Short Brothers & Harland Ltd. 


Dunlop tyres, wheels, brakes, and operating equipment have been 
chosen for these aeroplanes. Thus yet again Dunlop are closely associated 
with a new generation of high-performance British Aircraft. 


@> DUNLOP 





DUNLOP RUBBER COMPANY LTD., AVIATION DIVISION, FOLESH/ILL, COVENTRY 
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Pershing Rockets for Europe 


The Small Deterrent”’ was the title we gave to 
an article in INTERAVIA 3/1961 dealing with 
the trend in American strategy towards creating 
a complete arsenal of guided nuclear missiles, 
from the two-stage Pershing rockets, with a range 
of a few hundred miles, to the smallest one-man 
infantry weapons equipped with atomic war- 
heads. Now that development of the Pershing is 
nearly completed, and units of both the U.S. 
Army in Germany and the West German Land 
Forces are to be armed with this missile, we 
should like to give our readers a more exact 
picture of the most modern tactical medium-range 
rocket at present available to the West. 


Among the most important tasks of the 
Pershing is to attack enemy long-range weapons 
and concentrations behind the battle area and, 
with a range of over 300 miles, the Pershing in 
fact commands an area of nearly 300,000 sq.m. 
Since the rocket can be put into action in any 
desired position within a matter of minutes, a few 
Pershing units can deal quickly, effectively, and 
decisively with critical battle situations. In its 
main features—robust construction, a high 
degree of mobility, and complete air-trans- 
portability —the Pershing compares very favour- 
ably with its predecessor, the Redstone. The com- 
plete weapon system, including all ground 
support equipment, can operate on any terrain 
and, to a large extent, avoid detection by the 
enemy. 

When, in 1956, the U.S. Joint Chiefs of Staff 
decided that a new, mobile army rocket in the 


300-mile class must be developed, their specifi- 
cation called for a surface-to-surface tactical 
missile with characteristics hitherto unknown in 
an army rocket, such as extensive miniaturization 
of the guidance system, reduction to a * ‘v minutes 
of the time required to prepare the rocket for 
launch, simplifications in pre-flight checkout, and 
so on. In 1958, the Orlando Division of the Mar- 
tin Company in Florida was given the develop- 
ment contract and, by February 1960, barely two 
years later, the first Pershing trial projectile was 
fired at Cape Canaveral. As early as September, 
1960, the Ordnance Guided Missile School, at 
Redstone Arsenal, Huntsville (Alabama), in- 
augurated a course in operating the Pershing. 
* 


As stressed at the outset, the main objects in 
the creation of the Pershing were a complete 
weapon system with a high degree of mobility 
and very brief total reaction time. The Pershing’s 
great mobility is achieved by use of a new spe- 
cially developed wheeled vehicle, known as a 
transporter-erector-launcher (TEL). This is so 
designed that the rocket can be quickly erected, 
aligned with the target, and fired. This mobile 
TEL, and all the rest of the ground support 
equipment, can be mounted on tracked vehicles 
suitable for cross-country operation. The Pershing 
convoy can travel about anywhere in the battle 
area, making it very difficult for the enemy to 
detect the launch position; on the other hand, it 
can go into firing position within a few minutes 
and send the rocket on its way, before enemy 
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The Pershing rocket, with cable 
mast plugged in, stands poised 
on its launching ring. A de- 
tailed description of the erec- 
tion and launching procedure 
will be found on the following 
page. 
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Final launch preparations at the Cape Canaveral missile range. 


artillery or long-range rocket units have had a 
chance to establish its position. 

Thanks to relatively small dimensions (the 
34-ft long Pershing is some half the length of the 
Redstone), field handling of the rocket has been 
considerably simplified. During the whole opera- 
tive phase, the rocket remains on the 4-wheel 
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TEL vehicle. The same vehicle can be used to 
transport it by helicopter, air freighter, or sea- 
going vessel. 

The transporter-erector-launcher, built by the 
Thompson Aircraft Products Corporation, a 
Division of Thompson Ramo-Wooldridge Inc. of 
Cleveland, Ohio, includes a dual-track erector 


ete cowtavnee 


DO NOT D 


Normally, the Pershing is not 
transported with its warhead 
attached. The warhead itself is in 
the container in the left fore- 
ground, and will be transported 
on a separate tracked vehicle, to- 
gether with its associated test 
equipment. 


The radio equipment is installed 
on another SM-474 chassis. Whilst 
in transit, the inflatable parabolic 
antenna and the folding telescopic 
antenna supports are stowed in 
the top of the radio unit. 


supported on the transporter chassis. The launch- 
ing platform is mounted at the rear of the trans- 
porter and is pivoted so that it can be rotated to 
the ground, where it is supported by levelling 
jacks. During transport, the missile is carried in 
a horizontal position on the erector, which is also 
pivoted at the rear of the transporter. At the 
firing site, after the launch pad is rotated to the 
ground and levelled, the erector rises to the 
vertical position, placing the missile on the 
launcher. The erector then returns to the horizon- 
tal position, leaving the missile resting in a 
vertical position on the azimuth ring of the 
launcher. Under command of the fire control 
unit, the azimuth position of the missile is 
accurately adjusted before firing. 

Control cables, air ducts, and high pressure 
air lines necessary to precondition, checkout, and 
fire the missile are mounted in a cable mast. The 
lower end of the cable mast is mounted in a 


The rocket ready for the road on the X M-474 transporter. 


bracket attached to the launcher azimuth ring, 
and the upper end is engaged with electrical and 
air connections in the missile. During the firing 
procedure, just prior to ignition, the upper end 
of the cable mast is automatically ejected from 
engagement with the missile. While the upper end 
of the mast is ejected from the missile sufficiently 
far to provide clearance for firing, a brake in the 
bracket at the lower end quickly stops movement 
of the mast and holds it in a near vertical position. 
Since the mast is prevented from falling to the 
ground, it is not damaged and may be used 
repeatedly as a permanent part of the TEL. The 
cable mast is so constructed that the exhaust 
gases do not destroy either the cable or the mast. 


For movement both across country and on 
normal roads the Pershing rocket, resting on its 
TEL, is carried on a tracked vehicle, designated 
XM-474, built by the Food Machinery and 
Chemical Corp. This vehicle is a development of 
the M113 armoured personnel carrier, under- 
taken on behalf of the U.S. Army Ordnance Tank 
Automotive Command. It features a low sil- 
houette and, with a gross weight of about 5 tons, 
has a speed of up to 40 m.p.h. on flat roads. 


The rocket is provided with an inertial guidance 
system, comprising a gyro-stabilized platform 
and integrating accelerometers. The main con- 
tractor for this guidance system is the Eclipse- 
Pioneer Division of the Bendix Corporation at 
Teterboro, N.J., which also: furnishes certain 
field checkout and production test equipment. 
With a view to maximum precision, the gyros of 
the stabilization platform are sealed in minia- 
ture metal cylinders, friction being reduced to 
almost zero. These cylinders in their turn “‘float”’ 
inside an outer cylinder. Microscopic air jets in 
the outer cylinder “‘float’’ the gyros on an air- 
cushion, in order to eliminate all direct contact 
between gyro and container. 
































To the left: Sectional drawing of the military Pershing 
rocket: 1 — Nuclear warhead; 2 — Control and guidance 
system ; 3 — Second-stage rocket engine; 4 — Aerodynamic 
control surfaces; 5 — Separation element between first and 
second stages; 6 — Jet controls; 7 — First-stage rocket 
engine; 8 — Aerodynamic control surfaces; 9 — Jet con- 
trols. 


To the right: Sectional drawing of the Pershing satellite 
booster: 1 — Third-stage rocket engine; 2 — Payload; 
3 — Control and guidance system; 4 — Second-stage 
rocket engine; 5 — Instrumentation; 6 — Liquid nitrogen 
tank; 7 — Peroxide tank; 8 — Control jets; 9 — First-stage 
rocket engine. 


The whole fire control and test checkout equip- 
ment for use in the field is mounted on a separate 
XM-474 chassis. This equipment includes the 
portable remote fire control box, by means of 
which the officer commanding the Pershing con- 
voy can release the rocket from a position of 
safety. The same chassis carries a small power 
supply unit, which feeds the various electrical 
testing systems and provides test compressed air. 
The power supply unit also feeds the mobile 
radio equipment, which is used for communi- 
cation with surrounding command centres. The 
lens-shaped antenna is inflatable and, when 
inflated, has a diameter of about 8 ft. The radio 
equipment is also installed on an XM-474. The 
nuclear warhead of the Pershing, together with its 
checkout test installations, is mounted on a 
separate tracked vehicle of the same type, so that 
the Pershing convoy is made up of four vehicles 
altogether. 

The nose cone of the Pershing rocket has an 
ablatable heat-dissipating protective layer, which 
can be easily and cheaply applied and which 
serves to protect the nuclear warhead against 
excessive heat effects during re-entry into the 
earth’s atmosphere. 


The Pershing has been developed almost en- 
tirely by American industry, that is without direct 
assistance from the Army Ballistic Missile Agency, 
which did no more than retain certain rights of 
supervision and advisory functions. This concep- 
tion is new, but the successful launchings of com- 
plete rockets with ignition of both stages (one 
trial launch from Cape Canaveral on April 21st, 
1961, travelled over 250 miles) leave no doubt 
that this approach to the problem is the right 
one. 


It is not yet certain when the Pershing will be 
operational in Europe. In any event, the Federal 
German Government has ordered a large number 
of these rockets in place of the original Martin 
Maces, and Germany will shortly make available 
DM 480 million for Pershings, about the same 
amount as was originally appropriated for the 
purchase of Mace rockets. Martin has meanwhile 
gone ahead with the development of Pershing 
and, early this year, received an additional $76 
million order from the U.S. Army. 


The Pershing as a Satellite Booster 


Economy, reliability, and immediate availa- 
bility are undoubtedly qualities which could make 
a satellite carrier rocket look attractive for 
European countries, too. If, moreover, the carrier 
rocket could be launched from practically any 
desired meadow, this would take care of another 
problem, which has played a major part in dis- 
cussions concerning the basis of a European 
space programme. 

Martin is now offering a carrier vehicle, de- 
veloped from the first and second stages of the 
military Pershing rocket, which fulfils the above- 
mentioned conditions, and could be available in 
the space of about a year. According to cal- 
culations made by Martin’s engineers, a three- 
stage satellite carrier rocket, based on the 
Pershing, would be able to put a payload of 60 Ib 
into circular orbit at an altitude of 210 miles, or 
into elliptical orbit with an apogee of about 700 
miles. For the guidance and radio-tracking of the 
carrier rocket during climb, as well as for orbital 
tracking, methods similar to those adopted in the 
case of the American Vanguard and Scout 
boosters could be used. When the first stage 
vertical climb has been completed and the 
remainder of the vehicle directed into a suitable 
orbital path, the second stage would be ignited. 
After second-stage burnout, there is an un- 
powered phase of over four minutes, and then 
the third stage ignites. During these four minutes, 
the remaining sections would have to be brought 
into an exactly horizontal position, in order then 
to be accelerated by the third stage into the 
required trajectory speed. 

The first two stages of the military Pershing 
would require only insignificant alterations, and 
moreover a simple and, therefore, lighter guidance 
system would be sufficient to achieve the desired 
result, thus bringing about a marked reduction in 
the total weight of the rocket. The first-stage 
rocket engine could be made substantially lighter 
by the elimination of certain longitudinal stiffeners 
and by reconstructing the casing round the engine 
jets. The bay on the second stage, which houses 
the inertial guidance system, and the special thrust 
reversal device (an ejector port at the front of the 
second-stage engine) would be eliminated in the 
satellite carrier rocket. Moreover, the aerodyna- 
mic control surfaces of the first stage and the jet 
control surfaces of the military second-stage en- 
gine could be replaced by peroxide jet nozzles, 


thus also saving weight. The nose casings sur- 
rounding the third-stage engine and the payload 
could also be jettisoned after leaving the atmo- 
sphere. The entire third stage rests on a turntable 
for torque stabilization. The guidance and control 
systems could also be accommodated in the third 
stage (see diagram). For launching, the TELs 
already developed for the military Pershing would 
be made use of, and these could also be mounted 
in seagoing vessels. 

According to information furnished by Martin, 
ten men are enough to bring the carrier rocket to 
the launch point, set it up, and prepare it for 
firing. This carrier rocket could also be used for 
vertical climbs as a space probe, in which case 
it would be possible to add a fourth solid-pro- 
pellant rocket stage. In this way, a payload of 
60 Ib could be carried to an orbital height of over 
875 miles, or a payload of 120 lb to about 300 
miles. As Martin points out, the third and fourth 
stage engine could be developed from solid- 
propellant engines which are already available. 


































In its satellite-carrying ver- 
sion, the Pershing rocket 
would be transported and 
prepared for flight on the 
same TEL vehicle as the 
military rocket. 
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What's in the Air? 





The Grumman W2F-1 Hawkeye early warning aircraft, equipped with Allison T56-A-8 turboprops, each 4,050 
e.h.p. The Hawkeye is in series production on behalf of the U.S. Navy. The main contractors for this model are: 
Aeroproducts (airscrews), the Light Military Division of General Electric, Litton Industries, Collins Radio 
Company, Ryan, Packard-Bell Electronics Corporation, and Sperry Gyroscope. 
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Commander Patrick L. Sullivan (ieft) and Lieutenant 
Beverly W. Witherspoon established a new speed 
record with a U.S. Navy Sikorsky HSS-2 helicopter 
over a two-mile course. The speed attained was 192.9 
m.p.h. Both naval pilots belong to the Naval Air Test 
Center, Patuxent River, Maryland. The previous 
record in this category was held by a Soviet helicopter, 
the Mil Mi-6, at 167.1 m.p.h. 





Canadair Ltd. of Montreal is constructing CL-44 
swing-tail freighters for three American freight car- 
riers. The first aircraft went to The Flying Tiger Line, 
which has ordered a total of ten CL-44s. On the left, 
Frederick R. Kearns, Executive Vice-President (Sales 
and Finance) of Canadair and, on the right, Frank 
B. Lynott, Vice-President (Operations) of The Flying 
Tiger Line. 


Ansett-ANA is operating a regular helicopter feeder 
service between the centre of Melbourne and the 
airport seven miles away. Eleven flights each way per 
day are made with a Bell 47J. The return flight takes 
barely 15 minutes. Price (one way) £A1.10.0 ($3.50). 
Tickets for the helicopter service can be purchased 
aboard Ansett-ANA aircraft before landing at 
Melbourne. 
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The Blackburn Bn C.1 Cumulus turbo-compressor, 
developed from the Palouste 500 turbo-engine series. 
Can be used as a ground and aircraft auxiliary unit 
(e.g. for driving ancillary equipment, as a power 
source for air conditioning, and as a starter for turbo- 
engines). The Cumulus uses the same compressor/tur- 
bine unit, as well as the same combustion chamber 
unit as the Palouste. The Cumulus delivers an air out- 
put of over 2.2 lb/sec at 56.9 p.s.i. delivery pressure. 
























The original prototype of the four-jet Boeing 707 will continue to serve as a flying test-bed. For investigations 
in respect of engine layout, as selected for the three-jet Boeing 727, the 707 prototype was equipped with a fifth 
jet turbine. This aircraft is also used for testing new flaps at the leading and trailing edges, as were developed 
for the 727 now going into production. 
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A Westland Belvedere turbo-helicopter recently flew London—Paris (city centre to The two-seat Avian 2/180 autogyro by Avian Aircraft Limited, of Canada. 
city centre) in the record time of 1 hour, 41 minutes, 43 seconds, and the return A first series of this model will go into production at the end of the year. 
leg in 1 hour, 40 minutes, 45 seconds. Some technical data: gross weight 1,716 ib; useful load 594 Ib; cruising 


speed 110 knots; range 420 n.m. 


The Bell Helicopter Company and the Hiller Aircraft Corporation are the winners of the U.S. Army’s design competition for a light helicopter. Bell and Hiller will each 
build seven prototypes, which will be tested next year at Fort Rucker, Alabama. After conclusion of this test, a final decision will have to be taken as to which of the two 
types is to go into series construction. Right: mock-up of the Bell design (D-250). Left: mock-up of the Hiller design (Model 1100). Both types are designed for use 
with the Allison T63 turbo-engine and accommodate four passengers. Cruising speed is about 110 knots, payload about 400 Ib. 
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The Grumman Mohawk STOL reconnaissance aircraft in flight. This newcomer is at present on a demonstration tour in Europe 





A STOL Reconnaissance Aircraft for Export: 
The Grumman Mohawk 


The newest of the U.S. Army’s reconnaissance 
aircraft, the Grumman Mohawk*, made its first 
appearance in Europe at the recent Paris Salon. 
Although it is one of the largest and heaviest 
fixed wing aircraft to enter Army service for 
reconnaissance duties, the performance and 
manoeuvrability of the Mohawk in the course of 
the flying demonstration left no doubt as to its 
abilities. 

In configuration the Mohawk is a two-seat, 
twin turboprop, mid-wing monoplane, equipped 
with high-lift devices, which has been designed 
specifically for all-weather reconnaissance and 
support duties. Its short take-off and landing 
characteristics, combined with a low stalling 
speed, enable it to operate from small, unim- 
proved fields or road networks in most forward 
areas. 

The basic aircraft has been designed for visual 
or photographic reconnaissance, and to possess 
the stable flight characteristics required when 
using surveillance equipment such as _ side 
looking radar. Either of the two crew members 
can operate a general purpose camera by remote 
control. For special duties, such as radar or 
infra-red surveillance, the appropriate electronic 
equipment can be installed in locations already 
designed into the airframe. This gives the aircraft 
the maximum flexibility in operation. 

The photographic reconnaissance version of 
the Mohawk is designated AO-1AF, and is 
equipped with a KA-30 camera system. The 
camera, located in the fuselage mid-section, is 


* See Interavia No 11/1960, p. 1402. 





990 INTERAVIA 7/1961 


remotely controlled and allows photographs to 
be taken from the vertical, 15°, and 30° oblique 
positions. Space is also available in the fuselage 
nose for a forward facing camera. Fifty-two 
flares can be carried in each of two removable, 
upward-firing pods mounted on the upper wing- 
root surface for night photography. 


Two other versions of the Mohawk are also 
being produced for the U.S. Army. These are 
designated the AO-IBF and AO-ICF and are 
identical to the AO-1AF except for the incorpo- 
ration of additional communications and navi- 
gation equipment and electronic surveillance 
gear. The AO-IBF is equipped with APS-94 
side-looking radar (SLAR), and the AO-1CF is 
fitted with UAS-4 infra-red detection equipment. 
The aircraft are designed so that common 
equipments have common locations, an arrange- 
ment which permits AO-1AF aircraft to be 
converted to the “B” or “C” configuration 
without relocation of existing installations. 





The Grumman AO-1BF Mohawk, with APS-94 side- 
looking radar (SLAR) slung under the starboard side 
of the aircraft fuselage. 


Design features 


As the primary role of the Mohawk is that of 
reconnaissance, the layout of the cockpit has 
received particular attention. The bubble type 
canopy provides wide-angle visibility, and the 
side-by-side seating arrangement enables the two 
crew members to work as a coordinated team. 
Both pilot and observer have unobstructed 
vision 20° down over the nose along the centreline 
of the seats, and by positioning the line of vision 
outboard into the bubbled side hatches, the line 
of sight of pilot and observer converges at a point 
36 feet below the aircraft. A transparent hatch 
permits unobstructed vision directly overhead. 

Dual control sticks and rudder pedals are 
normally installed at the pilot’s and observer’s 
positions, but when electronic surveillance equip- 
ment is carried, the observer’s controls are 
removed. The engine controls are grouped on a 
central pedestal for accessibility, and the instru- 
ments are also located to be convenient to each 
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crew member. A particular advantage of the 
dual control installation is that it allows the 
aircraft to be used for crew training as well as 
its primary duties. 


Landing gear 


As the aircraft is intended for use from 
unprepared fields, grass surfaces and rough 
terrain, the landing gear is of particularly rugged 
construction. The Mohawk has _ repeatedly 
demonstrated its ability to take-off and land on 
soft ploughed ground, deeply rutted surfaces, 
and rough grassy areas. 

The tricycle landing gear is designed for a 
limit sink speed of 17 feet per second and the 
wheels are fitted with low pressure tyres to 
provide suitable ground flotation characteristics. 
Both nose and main landing gear legs have 
attachments for mounting skis, which retract with 
the landing gear and lie flush with the airframe. 
Nosewheel steering is fitted to facilitate ground 
handling, and the minimum turning radius of the 
aircraft on the ground is 28 feet. 


Flight controls 


Simplicity and ease of maintenance are 
essential in an aircraft which must be operated 
with the minimum of ground support personnel 
and equipment. For this reason, the primary 
control surfaces are operated by conventional 
stick and rudder pedals through a mechanical 
linkage, without the complications of switches, 
‘“‘black boxes,” and artificial feel systems. As a 
further measure of security the elevator control 
consists of two independent and widely-separated 
cable runs throughout the fuselage. 

To provide the short take-off and landing 
characteristics demanded in operation, the 
Mohawk is equipped with large-span flaps and 





The location of the armour protection in the cockpit of 
the Mohawk. 


full length leading edge slats. Two hydraulically 
operated air brakes are fitted, one on each side 
of the aft fuselage, and the reversible pitch 
propellers provide powerful braking on all 
types of landing surfaces. 

The installation of an auto-pilot is of con- 
siderable interest. The primary function of this 
unit is not to reduce pilot fatigue during long 
distance flights but to ensure a stable platform 
when using the side-looking radar or infra-red 
surveillance equipment. 

The aircraft is powered by two Lycoming 
T53-L3 turbo-prop engines, with a rated take-off 
power of 1,005 e.s.h.p. each, driving Hamilton 
Standard 3-blade Hydromatic propellers. The 
engine nacelles are mounted above the wing 
structure in order to minimize vulnerability to 
ground fire and to increase propeller ground 
clearance. 


The Mohawk in operation 


In the course of the flying demonstration at the 
Paris Salon, the Mohawk clearly demonstrated 
its high manoeuvrability and controllability 
throughout its speed range. The stalling speed of 
the aircraft is 64 knots and its behaviour at the 
Stall is gentle. With a turning radius of 355 feet, 
the aircraft can be manoeuvred within extremely 
small confines for close support and observation 
purposes. The ample power available together 
with the high-lift flaps and slats enable landings 















The AO-1AF photo reconnaissance version. A) KA-30 camera; B) Voltage regulator; 
C) Battery; D) Inverter; E) Distribution box; F) UHF communications; G) VHF 
communications; H) ADF Navigation; J) Compass; K) IFF; L) VOR; M) Marker 


Beacon; N) Photo system; O) Integrated flight system. 





The AO-1BF radar surveillance aircraft is identical to AO-1AF, except for the 
addition of the following electronic equipment: P) Radio altimeter; Q) ILS; 


R) Emergency VHF; S) Auto pilot; T) Ground tracker beacon; U) Doppler; 


V) Side-looking radar; W) Data link. 















The AO-1CF carries infra-red detection equipment. X) IFF Coder; Y) HF Com- 


munications; Z) Infra-red detection gear. 





Technical Data: 


Performance 
A B 

Takeoff distance over 50 ft 
screen at max. take-off weight 880 ft 1,270 ft 
Rate of climb. SL... ... 3,325 ft/min 2,660 ft/min 
Service ceiling. Max. T.O 
weight less 40% fuel. . . . 25,000 ft 24,000 ft 
Maximum speed 

i 8 ere ee er 258 kts 239 kts 
Reconnaissance mission 

at 5,000 ft 

Ds xsi Sa 6 2% 200 kts 200 kts 

Missiontime ...... 2.07 hr 4.05 hr 

Mission radius ..... 206 n.m. 404 n.m. 
Stall speed at SL. Landing 

configuration ...... 64 kts 65 kts 
Landing distance over 50 ft 

BOOTED: «Sea 6 3b 28 650 ft 675 ft 


Column A. No external stores 
Column B. With two 150 U.S. gallon drop tanks 


Dimensions 

EE ar a eran: SP eer ay me 42 ft 
ee ee ae ee en ee a 41 ft 

po | RN ee ay er a ae 12 ft 8 in. 
WN? 35 fee wartet ee 3 ele 330 sq. ft 
ee ra OR lee eS, ole 9,322 Ib 
SS os Sy. eta ek ea. ew a 2,646 Ib 








Oc acs vevsare Cae 14,337 Ib 
Three-view drawings of the Mohawk. }> 
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Take-off weight — kg 
Takeoff distances for the Mohawk. The two vertical 
lines indicate the weight of the clean aircraft (left) and 
with drop tanks (right). The lower curve shows the 


ground roll and the upper the takeoff distance to clear 
a 50 ft screen. 


and takeoffs to be made with less than 502 feet 
ground roll. 

To provide the maximum safety and protection 
for the crew members, the Mohawk cockpit is 
armoured under the floor as well as at the fore 
and aft bulkheads. Ejection seats are provided for 
both pilot and observer, and ensure safe escape 
throughout the speed and altitude range of the 
aircraft. Primary ejection is through the overhead 
hatch but, if time permits, the hatch may be 
jettisoned prior to ejection. 


Future developments 


A considerable increase in the Mohawk’s 
performance can be achieved by the installation 
of the Lycoming T53-L7 engine, with a take-off 
rating of 1150 e.s.h.p., in place of the T53-L3. As 
these two engines are identical externally, 
installation of the higher-powered engine necessi- 
tates only a small modification to provide the 
additional cooling demanded by the higher 
operating temperatures of the T53-L7. The 
higher powered engine is scheduled to be 
available in 1962 and it offers the following 
improvements: 


T53-L3 T53-L7 
Max. speed at 5,000 ft. . . . 258 kts 266 kts 
Rate of Climb, SL ..... 3,235 f.p.m. 3,640 f.p.m. 
Takeoff Ground Roll .. . .502 ft 482 ft 


In both cases the figures quoted represent the 
clean aircraft without external stores. 

Further development studies of the Mohawk 
have established an alternative configuration, 
designated AO-1EF, which retains the capa- 
bilities and flight characteristics of the basic 
Mohawk, while adding provision for more 


Exploded view of the structural details of the Mohawk 
airframe. 
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Landing distances. The lower curve indicates the ground 
roll while the upper is the landing distance over a 5O ft 
screen. The vertical lines give the landing weights of the 
clean aircraft (left) and with empty drop tanks (right). 





The shaded portions of this three-view drawing indicate 
the fuselage modifications and enlarged cabin which are 
incorporated in the AO-IEF version of the Mohawk. The 
dotted lines show the dimensions of the basic airframe in 
relation to the developed model. 
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Maximum speed curves of the aircraft with two 150 U.S. 
gal drop tanks (left) and in the clean configuration (right). 


advanced electronic surveillance functions, crew 
training, and cargo handling. This greater 
versatility is achieved by a relatively simple 
modification of the forward fuselage portion, so 
as to incorporate a large cabin immediately aft of, 
and integral with, the pilot’s cockpit. The addi- 
tional cabin area will accommodate a wide 
variety of equipment, and changes in the arrange: 
ment can be readily accomplished by personnel in 
the field. The AO-1EF version can also be 
modified to accept the Lycoming T53-L7 engine 
for increased performance. A comparison of the 
mission capabilities of the basic Mohawk with 
those of the developed version indicates the 
performance potential in the aircraft. 


Mission capability 


With installation of the appropriate equipment 
to bring the aircraft up to the A, B, or C con- 
figurations, the basic Mohawk is capable of 
fulfilling the following duties: visual observation; 
photo reconnaissance; SLAR (Side-Looking 
Airborne Radar) surveillance; infra-red sur- 
veillance; airborne target location; target towing; 
and crew training. 

In addition to these missions, the developed 
AO-1EF version will be capable of the following 
tasks: ECM/ELINT (Electronic Counter-meas- 
ures/Electronic Intelligence) surveillance; mis- 
sile guidance; chemical, bacteriological, and 
radiological monitor and survey; smoke laying; 
and cargo transport. 

Although the basic Mohawk has only two 
external store stations on the wing for the 
attachment of the 150 gal fuel tanks, the wing 
structure has been designed so that two additional 
stations can be installed on each wing without 
structural modifications to the aircraft. The two 
additional stations are mounted outboard of the 
fuel tank attachment on either wing and have a 
load capacity of 500 pounds each. The full 5g 
limit load factor is still available with all store 
stations loaded to capacity and the aircraft can 
be landed at reduced vertical impact velocities 
with the stores retained. 


* 


The apperance of the Mohawk at the Paris 
Salon aroused considerable interest, and it is 
possible that this first visitor may be the fore- 
runner of others, which will be exported to 
Europe to take up their duties with European 
Air Forces. + 
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The Gnome has been ordered 
in quantity to power the Vertol 107 
and Agusta Bell 204B helicopters 
of the Swedish armed forces 


The Gnome is already in quantity 

production for the British Ministry of Aviation’s 
Whirlwind Mk.10 and Wessex 2 

programmes and for the Italian Agusta 101 

and Agusta Bell 204B helicopters. 
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MEMBER COMPANY OF THE HAWKER SIDDELEY GROUP 
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Notice how two-prong electrode and larger bore opening allow full blast of combustion gases to cleanse the 
longer core nose for greater protection against fouling-deposit build-up. 


The new foul-resistant spark plug— 





Another example of how Champion designs 





exactly the right spark plug for every need! 


When you operate your aircraft under conditions that increase 
spark plug fouling, such as long periods of idle, you can rely on 
Champion’s foul-resistant spark plug for full-firing performance 
—longer. This new plug resists fouling build-up, virtually 
eliminates burn-out, and doubles—even triples —spark plug 
life ! 


The remarkable fouling resistance of this new plug is due to a 
completely redesigned firing end. A two-prong electrode 
(instead of four-prong), bigger bore and longer core nose “open 
up” the firing end of this new plug to the full blast of combustion 
gases for continuous self-cleaning action. 


This new foul-resistant spark plug is another example of how 
Champion designs exactly the right plug for every need. For 
the most dependable aviation spark plugs available today, 
always insist upon Champions ! 











Approved for most popular aircraft, 
this new foul-resistant spark plug is 
available in short reach REM40E 
and REM338E types. Also available 
in short reach RHM40E and RHM 
38E types for %4”-20 ALL WEA- 
THER terminal. For long reach 
¥%,”-20 ALL WEATHER terminal 
it is available in RHB37E, RHB32E 
and RHB29E. 





World's favorite spark plug 
on land, on sea and in the air 


CHAMPION 


SPARK PLUGS 











CHAMPION SPARK PLUG COMPANY: ENGLAND « U.S.A. « CANADA « AUSTRALIA « IRELAND « FRANCE e« MEXICO e BRAZIL 
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MIRAGE III 


INTERCEPTOR AIRCRAFT 
Mach 2 


Générale Aéronautique Marcel Dassault 





T-38: Fastest Step to combat readiness 


The Northrop T-38 is the free world’s only supersonic twin-jet trainer. 980 Nautical miles 

Its exceptional performance characteristics eliminate the need for lengthy, Rate of Climb 30,000 ft. per minute 

multistage training schedules. In the Northrop T-38, student pilots with (Sea Level) (at take-off gross weight 11,550 Ibs.) 
only first-stage training can master all the techniques needed to fly the Propulsion Two J85-GE-5 afterburning turbojet en- 
most advanced single or multi-jet supersonic aircraft. The Northrop T-38 a eee pen Oe — SP Se. 
is in active service with the U.S. Air Force. 


T-38 GUARANTEED PERFORMANCE NORTHROP 


Ceiling s Northrop Corporation, Beverly Hills, California, U.S.A. 


Take-off Distance 
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SPANO SUIZA 
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LICENCE DUNLOP 








The MAXARET “ Single Action " anti-skid devices by HISPANO-SUIZA, which are fitted to the 
Aquilons of the French Navy, the Vautours of the French and Israeli Air Forces, and the Caravelle Ills 
(101, 200 Ib) in use by 12 Airlines demonstrate their remarkable efficiency in climatic conditions which are 
as severe as they are variable. This they do day in day out, as they have done for years. 


HISPANO-SUIZA's MAXARET anti-skid devices have also been adapted by SUD-AVIATION for 
the Caravelle VI (110,000 Ib), following comparative tests held at the Brétigny Flight Testing Centre. The 
results obtained in these tests have confirmed, beyond all possible doubt, the superior performance of 
the HISPANO-SUIZA MAXARET on both dry and wet runways. 


The “ Double Action"’ MAXARET offered by HISPANO-SUIZA has the benefit of the very latest 
improvements, derived from experience acquired in the course of the “ single action’ model's hundreds 
of thousands of hours service. The ‘“’ Double Action’ MAXARETS are not merely anti-skid devices for 
preventing wheel locking but actual brake regulators, adjusting wheel slip to the maximum degree of 
braking efficiency which can be achieved under the worst possible grip conditions, whether on flooded 
or frosty runways or on dry runways. 


“Single” and “ Double Action '’ MAXARETS are completely interchangeable one-piece units. 
They are the only hydromechanical regulators in the world which are extremely small, extremely light and 
extremely simple in design and which enable extremely short landing distances to be achieved. 


HISPANO-SUIZA_RUE DU CAPITAINE GUYNEMER. BOIS-COLOMBES_ SEINE. FRANCE 
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Jet Transport Sets New World Speed Record 


CONVAIR 990 FLIES 
WITHIN THREE PERCENT 
OF SPEED OF SOUND 


The fastest true air speed ever attained by a commercial jet transport—97 percent of the speed 

of sound—has been recorded in California by a Convair 990. Flying at 22,500 feet between San Diego 
and Santa Catalina Island on May 8, the new jet reached a mark of 675 miles per hour—faster than any 
other transport has ever flown without a tail wind. Test pilot Don Germeraad reported after the flight 
that the 990 handled easier in the transonic range “than earlier jets at much s'ower speeds." New 
aft-fan engines, developed by General Electric, and a new high-speed wing were credited with 
making the record flight possible. 

Built by the same company that builds the world's fastest bomber—the B-58, and the world’s fastest 
interceptor—the F-106, the 990 will go into airline service later this year, first with American Airlines 
and then Swissair, SAS and REAL of Brazil. It will have an operational cruising speed of 91 percent 
of the speed of sound. Last week's flight was made to demonstrate a ‘‘cushion” between the 
operating speed and the airplane's capability. 

in service, speed will be only one of the 990’s distinguishing characteristics, for passenger comfort 
features have been given fully as much attention as the plane’s technological advances. There's 

an exciting new experience coming for you in the jet age. Watch for it—the Convair 990. 


GINMIID 


GENERAL DYNAMICS | SAN DIEGO 












Test pilot Don Germeraad, left, and co-pilot John Knebel 
review their check list before the record flight. 




















Powered by four General Electric aft-fan engines, the 990 
lifts itself quickly from its San Diego base. 





Say 


At altitude, Flight Engineer Al Hunt checks plane’s speed 
on Mach meter. Data were recorded and later verified. 










A new world record flight behind it, the 990 returns 
to San Diego's Lindbergh Field. 





Five happy crewmen cail it a day. 














NEW AND INTEGRATED 
BREATHING SYSTEMS 
FOR MILITARY AIRCRAFT 


Protection at Altitude and Safety in Emergency 


NORMALAIR oxygen breathing equipment is fitted to all front line R.A.F. Aircraft and 
to those of seventeen Air Forces all over the World. 


The new Normalair seat mounted oxygen regulator system, integrated with 
the Normalair Emergency Oxygen Regulator, represents advanced design 
to improve performance and to simplify operation, installation and mainte- 
nance in high performance military aircraft. The Emergency Regulator not 
only provides for oxygen breathing on aircraft evacuation—it can also be 
used to regulate the oxygen supply to the crew members in cases of cockpit 
contamination or other flight emergencies. 


WORMALALER 


VEOH 24 ENGLAND 


EUROPE’S) LARGEST AND MOST EXPERIENCED PRODUCERS OF AIRCRAFT CABIN AIR 
CONDITIONING SYSTEMS AND COMPONENTS 


NORMALAIR (CANADA) LTD., TORONTO NORMALAIR (AUSTRALIA) PTY. LTD., ESSENDEN, VICTORIA 
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An Integrated Weapon System 
for VTOL Aircraft 


Witn the technological advances of the past 
several years in the development of weapon 
systems for a deterrent role, it has become in- 
creasingly apparent that a new mission must be 
added to augment this deterrent capability. This 
is commonly called a counterforce mission and 
requires that the weapon system must have the 
capability to destroy ill-defined, hardened, and 
mobile military targets. This mission places more 
stringent requirements on the weapon system 
than any other mission previously conceived 
and, contrary to popular belief, the weapon 
system will not be of a simple, rudimentary 
type. In order to fulfil this mission a highly 
complex, fast reaction, self sustaining weapon 
system incorporating an aircraft of the STOL/ 
VTOL type is being considered by many 
nations. This aircraft and operator will have to 
be integrated into a weapon system utilizing 
high resolution sensors, fire controls, automatic 
flight control, navigation, communications, 
cockpit displays, instrumentation, and arma- 
ment. 

Minneapolis Honeywell Regulator Co. has 
conducted extensive analysis studies including 
operations analysis, human factors, electronic 
subsystem requirements, and preliminary weapon 
design. This article presents the type of systems 
integration philosophy that must be considered 
if an effective strike-reconnaissance weapon 
system is to be developed and illustrates some 
typical equipment characteristics that can be 
utilized. 

Vulnerability of prepared air bases to enemy 
attack in the 1965 to 1970 time period requires 
that tactical aircraft be able to disperse, and 
operate from unprepared landing strips or 
clearings. An aircraft with a vertical takeoff 
capability can operate from remote areas and 
thus be less vulnerable to enemy action while 
on the ground, but it is still vulnerable in the 
air because of the increased effectiveness of 
enemy defences against attacking aircraft, par- 
ticularly in the immediate target area. It is ne- 
cessary, therefore, to have an offset weapon 
delivery capability —- one which allows the 
attacking aircraft to avoid flying directly over 
the target, and to penetrate to the target area at 
low altitude in order to avoid the enemy de- 
fences. 


Operational Concept 


The pilot is provided with an automatic navi- 
gation system and automatic flight control to 
relieve him of some of his work load while he 
searches for the target or studies his radar dis- 
play. The automatic navigation system provides 
a second function of assisting in the compu- 
tation of the target position relative to the air- 
craft, and of recording the aircraft position for 
correlation with the reconnaissance information 
obtained. When the pilot sees his target he may 
choose to manoeuvre his aircraft for the delivery 
of unguided rockets, command guided missiles, 
or homing missiles, or he may choose to avoid 
flying over the target if it is heavily defended 
and deliver inertially guided missiles. In this 
case he will manoeuvre his aircraft to maintain 
some offset distance relative to the target. 

The target position relative to the aircraft 
is determined by a computer which has as inputs 
the ground track of the aircraft and two 
bearing angles obtained by semi-automated 
optical sightings performed by the pilot. When 
this information is transferred to the missile 
guidance system, the missile is launched on a 
ballistic trajectory to the target, and as it ap- 


proaches the target, it corrects its flight path on 
the basis of information from its guidance 
system. If visibility conditions are poor, the 
pilot will view a radar display of the terrain 
ahead or to the side of his aircraft, place cross 
hairs on the target, and launch his missiles. In 
this case target coordinates are set into the 
missiles guidance system on the basis of infor- 
mation from the cross hair position on the dis- 
play, and aircraft position as measured by the 
aircraft navigation system. 

After completing his attack, the pilot will 
navigate back to his base with the aid of his 
automatic navigation system. The automatic 
navigator will bring him sufficiently close to 
allow him to perform his landing manoeuvre 
visually, or with the aid of his airborne radar 
used in combination with a transponder located 
on the ground which responds to a coded signal 
transmitted from the aircraft. 

If more complete reconnaissance information 
is desired than that which is necessary or useful 
to the pilot, additional sensing equipment can be 
provided, possibly in an externally mounted pod, 
for recording radar, IR, and visual photographic 
information. The equipments which are avail- 
able for this purpose are high-resolution side- 
looking radar and cameras for recording infra- 
red and visual spectrum images. If an externally 
mounted equipment pod is used, the aircraft can 
still perform a strike mission with a reduced 
armament load. 

In the 1965 to 1970 time period it is expected 
that radar will be available for use both in 
detecting ground targets and as an element in 
an air-to-air fire control system to attack enemy 
aircraft. In this case, air-to-air armament such 
as the Sidewinder and the Wag Tail (which has 
both air-to-ground and air-to-air capability) can 


be used. The requirement for this capability 
must be carefully considered in view of the 
attendant weight penalty. 


Reconnaissance System 


The reconnaissance system may be installed 
in an external pod and includes side-looking 
radar and an infrared and visual recording ca- 
mera. The primary purpose of the reconnais- 
sance system is to record information for inter- 
pretation by aerial reconnaissance photo inter- 
preters or by the pilot when he returns to base. 


It does not seen feasible at the present 
time to provide the pilot with a presentation of 
all of the above sensors simultaneously, because 
of his preoccupation with his normal piloting 
functions, and because of space limitations in 
the cockpit. However, the use of an automatic 
terrain avoidance system operating through the 
flight control system, together with a carefully 
designed cockpit instrumentation and display 
system will permit the pilot to study a display 
of one or two of his reconnaissance sensors and 
to launch a self-guided missile at the target of 
his choice. 


Side-looking Radar: For all-weather, high- 
resolution reconnaissance and target identifi- 
cation, a side-looking radar is required. In side- 
looking radar, a narrow beam is directed 90 
degrees to the aircraft’s flight path, and scanning 
is accomplished by virtue of the beam’s motion 
relative to the ground. The beam may look out 
from both sides, or from one side only. Side- 
looking radar is inherently immune to electronic 
countermeasures because of the brief illumi- 
nation of each object. 

Display is accomplished by generating a line 
scan on a cathode ray tube and recording 


The delivery of a rearward launched weapon on an offset target. The two shaded areas indicate the scans of the side- 
looking and forward-looking radar. At point A on the aircraft ground track the side-looking radar scans the target. 
At B the pilot identifies the target on his reconnaissance display. A few moments later at C the pilot adjusts the cross- 
hairs of the display to cover the target, thereby feeeding the target coordinates into the missile inertial guidance system. 
The missile is launched at D when the aircraft is already clear of the target area. 
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successive sweeps on a film or tape moving at a 
speed proportional to the aircraft ground speed, 
so that the azimuth scale and range scale are 
identical. The drift angle of the airframe is com- 
pensated. 

The film is developed in flight by means of a 
“damp” process, although several dry processes 
are now feasible. By scanning the developed 
film with a television camera the image can be 
transferred to the pilot’s display in the cockpit 
with sufficient accuracy to deploy a weapon 
under adverse weather conditions. 


Dual IR and Visual Line Recording camera 


For clear weather day or night reconnais- 
sance a line-scanning IR or optical recording 
camera offers better angular resolution than a 
side-looking radar with considerably less weight 
and volume. Both IR and optical detectors are 
incorporated into a single system to provide the 
advantage of “seeing” the target in different 
regions of the spectrum and thus ease the 
problem of target identification and classifi- 
cation. In-flight film processing and display can 
be provided, and a mission analysis should be 
conducted to determine the value of providing 
such a display. 

The equipment would, in general, represent 
an alternative payload to the side-looking radar 
for those conditions when all-weather strike cap- 
ability is not required or when a reconnais- 
sance mission is combined with a strike mission 
against a target of known position. 


Search capability 


A prime requirement of the weapon system 
designed to attack mobile targets is that it be 
able to locate and identify relatively small 
vehicles, both standing and moving. The most 
obvious way of doing this is visually from low 
attitude. With good illumination and adequate 
visibility, visual search and identification ap- 
pears to be a satisfactory method to identify 
targets and it may very well be the only method 
by which one might hope to identify most targets 
with certainty. Visual search, however, is subject 
to weather conditions, which in turn are a 
function of the various geographical locations 
and time of the year. 


Armament Considerations 


Selection of the armament for the aircraft 
must be based on a detailed analysis of missions 
to be performed, targets to be attacked, and the 
tactical environment in which the aircraft is to 
operate. One of the we pers missions of the 
VTOL is likely to be that of attacking targets 
of ill-defined location, such as mobile missile 
launching sites or VTOL aircraft landing pads. 

The requirement for all-weather operations 
should not compromise the performance under 
clear weather conditions, and if the pilot can 
see the target with his eyes better than with radar 
or other sensors, clear weather strikes should 
make maximum use of his capability. 

After the aircraft has managed to get to the 
target in spite of the problems of navigation, 
ground collision, survival through area and 
local defenses, search and identification, the 
capability of its armament must be considered. 
The factors which determine the armament ef- 
fectiveness are target hardness, weapon yield, 
and accuracy. 

One armament combination which will proba- 
bly meet the mission requirements is listed 
below. 

10 unguided rockets: weighing 20 pounds 

each, used for soft, undefended targets and 

fire suppression 

2 self-guided missiles: weighing 325 pounds 

each, used for the primary mission of de- 

stroying the ground targets and to provide the 
necessary offset. 

The self-guided missiles can also be used for 
destruction of radar sites and protection against 
air-to-air attacks and should be rearward-fired, 
as the aircraft is likely to be well beyond 
the target by the time the data are presented 
and the decision to launch can be made. 

Alternate armaments which can be provided 
include command guided missiles such a Bull- 
pup, and radar homing missiles. For air su- 
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The simple triangulation prob- 
lem which can be solved by 
an oblique sighting device for 
calculation of the offset target 
location. The pilot detects the 
target when passing point A; 
by taking the target bearing 
successively at B and C, the 
location can be computed from 

the two bearing angles and the 
A distance BC. 





periority missions, missiles such as Sidewinder 
and the rearward-firing rocket can be con- 
sidered. 


Fire control 


The fire control system is used to compute 
target and trajectory information for launching 
the various weapons; the nature of the com- 
putation will depend on the weapon to be used. 

The elements comprising the fire control 
system for the inertially-guided missile include: 


means for detecting and identifying the 
target — the pilot’s eyes, forward-looking 
radar 


means for locating the target — optical sight, 
radar display 


transfer of the target coordinates into the 
missile — fire control computer decision to 
launch the missile. 


The self-guided weapon considered for this 
application is the Wag Tail. The equipments for 
performing the above fire control functions are 
discussed below. Under visual flight conditions 
the best sensing means of short-range detection 
and identification of targets are the pilot’s eyes. 


Accordingly the system which will be described 
takes maximum advantage of this human ca- 
pability: 

If the pilot is able to fly over the target, the 
problem of determining its location is not quite 
so difficult; in this case he needs only to press 
a button as he passes over the target, and the 
target position is recorded from the output of 
the inertial navigator and fed into the missile 
guidance system. The missile is then fired 
rearward and flies a ballistic trajectory to the 
target. Steering signals cause the missile to dive 
down vertically on the target. If, on the other 
hand, the pilot cannot fly directly over the 
target because of the effectiveness of enemy 
defences, and must therefore deliver the missile 
from some distance away, he can use a specially- 
designed optical device. 


Optical Sight for Determining Target Location 


A principle on which the optical sight oper- 
ates is described in the following paragraphs. 

Consider the airplane flying on a path that 
bypasses the target by some offset distance. The 
pilot first detects the target at point A on the 
diagram. Suppose now that he has available a 
sighting device with which he can measure the 
bearing between his aircraft and the target. By 
making these measurements at two points, de- 
signated B and C on this diagram, and by 
measuring the distance between two points B 
and C (using the inertial navigator), the location 
of the target relative to the aircraft can be 
computed by solving the simple triangle. 

The question now is how best to mechanize 
the sight. Three simple approaches will be de- 
scribed briefly here; selection of a preferred ap- 
proach will depend on an analysis of the mission 
profile, tactical considerations, space available 
in the cockpit, the ability of the operator to use 
the equipment efficiently, its accuracy, and so 
on. The three approaches will be designed as 
follows: 
® stabilized telescope 
® stabilized reflected light image 
® stabilized television camera 


Stabilized Telescope 


The stabilized telescope (probably one- or two- 
power) would be mounted on one side of the 


1. V.H.F. Radio control 16.. Flight endurance panel 23. Engine nozzle tilt in- 
panel 17. Clock dicator 

2. U.H.F. Radio control 18. Mach, airspeed and 24. Engine performance in- 
panel G-Loading indicator dicator 

3. Armament and fire con- 19. Attitude—Director 25. Reconnaissance display 
trol computer panel indicator controls 
Automatic flight control 20. Optical gunsight 26. Reconnaissance mode 
system control panel 21. Horizontal situation in- selector panel 
Engine control panel dicator 27. Multiple status warning 
Fuel control panel 22. Altimeter, vertical speed panel 


Landing gear control 
Thrust engine throttle 
Lift engine throttle and 
tilt switch 


10. Aircraft C of G in- 
dicator 

11. Armament controls 
indicator panel 

12. Communications channel 

13. Inertial position indicator 

14. Standby altimeter 

15. Standby Mach and air- 


speed indicator 





indicator 






































Proposed cockpit layout of the 
VTOL tactical aircraft 


























Camera controls 
Radar altimeter panel 
Cockpit lighting 

IFF Control panel 
Inertial navigational 
system control panel 
Passive radar detection 
controls 

Side-looking radar con- 
trol panel 

Forward radar control 
Oxygen control panel 
Reconnaissance display 
unit 
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cockpit in such a manner that the pilot can view 
a forward quadrant of the terrain. One method 
of stabilizing the telescope is to mount a gyro 
wheel to the telescope and the telescope in a set 
of gimbals so that the telescope is isolated from 
aircraft rotational motions. When a vertical hair 
in the sight passes through the target, the pilot 
depresses a switch, and the angle of the telescope 
relative to the airplane is measured and com- 
pared with the azimuth angle of the airplane to 
obtain the bearing of the target. The telescope 
is next rotated through some angle, typically 
about 30 degrees. When the vertical hair again 
passes through the target, he depresses the 
switch again and the relative angle is again 
measured; the target location is computed as 
indicated in the preceding paragraphs. 


An alternative to rotating the telescope is to 
mount a prism in front of the lens. Rotating 
the prism will have the effect of changing the 
angle of the telescope, and provide the ad- 
vantages of not requiring that the telescope be 
precessed (which may be inconvenient if it is 
gyro stabilized). This will also make it more 
convenient for the pilot in that he will not have 
to change the position of his head at a critical 
time. Another possibility for stabilizing the sight 
is to slave its position to the inertial navigation 
system’s platform. 


Stabilized Reflected Light Image 


With this method the pilot views his target 
through a flat glass plate mounted at the side 
of his cockpit. A light image is projected on the 
glass plate from below in a manner similar to 
the technique used in optical gun sights. 


The pilot will see a line stabilized so that it is 
vertical with respect to the earth. By focusing 
the stabilized line at infinity, so that its apparent 
position at the earth’s horizon is independent 
of aircraft motions (and of changes in the po- 
sition of the pilot’s head), the target bearing can 
be measured when the vertical line passes 
through the target. After the first sighting, the 
light image is displaced, perhaps 30 degrees, and 
the pilot again depresses a switch when the 
vertical line passes through the target. 

This technique has the advantage that the 
pilot can view the target continuously through 
the glass as he would normally view it without 
the glass. The difference here is that there is an 
apparent line of —_ passing across the terrain 
on a straight line between the airplane and the 
horizon at a fixed angle with respect to North. 


Stabilized Television Camera 


This method uses a television camera located 
remotely from the cockpit, mounted in such a 
way that the pilot can control the direction in 
which it is pointed. Such a camera can provide 
a high quality image on his cockpit display of 
the terrain under hazy or night conditions by 
using infrared sensor or light amplification 
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An impression of the equipment installation in a VTOL 
combat aircraft which forms a completely integrated 
electronics and weapon system. The aircraft is powered 
by a lift/thrust engine fitted with swivelling nozzles and 
an air bleed from the engine supplies stabilizing jets at the 
wing tips and tail for hovering flight. In the accompanying 
table, the various units have been grouped in the systems 













to which they belong. 

















. Approx. 
System Function weight 
Navigation 57 Ib 
2. Doppler radar Optional installation depending on mission. No weight quoted. 
11. Inertial platform Stabilize accelerometers in earth coordinate system. 
12. Computer Computes aircraft position from platform outputs. 
Flight Control 45 Ib 
23. Basic controller Performs normal autopilot functions including attitude and altitude control. 
Free control 
4. Optical sight Visual aiming of bombs and rockets. 
1. Forward-looking radar Provides signals for display of fargets and terrain. Terrain avoidance. Rang- 250 Ib 
ing for bomb and rocket launching. Weather detections. Detection and 
cetine of enemy aircraft. Tracking of command-guided air-to-ground 
missile. 
8. Fire Control computer Performs computations associated with rocket and bomb trajectories, 30 Ib 
computes target location, provides information to missile guidance system. 
Armament 
26. Bombs/Rockets (20 Ib 
each) 
17. Inertially guided (325 Ib 
missile each) 
27. Command guided (650 Ib 
missile each) 
Air-to-air missile (150 to 
400 Ib 
Reconnaissance each) 
20. Side-looking radar All-weather reconnaissance and strike reconnaissance. Provides pilot 350 Ib 
display and permament record of mission. 
21. Radar transmitter 
19. IR recording camera To provide spectrum diversity for target identification and classification. 50 Ib 
18. Visual recording 
camera 
22. Aerial indexing camera Very high resolution clear daylight reconnaissance for ground-based inter- 40 Ib 
pretation. 
Passive defence system 
15. Passive radar detector Senses location of enemy radars. Information can be made available on 15 Ib 
radar reconnaissance film or on pilot's display. 
comm eenentes 
an splay 120 Ib 
5. Radar display unit 
3. Flight and engine 
instrumentation 
25. Air data system Computes and provides air data signals for navigation terrain avoidance, 18 Ib 
flight control and display systems. 
Communications 
16. IFF 20 Ib 
7. UHF transmitter and 
receiver 44 |b 
13. LF/MF transmitter and 
receiver 40 Ib 
Approx. weight of equipment, not including bombs: 1,079 Ib 


The following items are also included in the diagram 
6. Ejection seat 

9. Fuel cells 

10. Lift/thrust engine with swivelling nozzles 

14. Stabilization jet 


17. Weapon bay for rearward launching of inertially guided missiles 


techniques. Here again, by providing a stabilized 
reference line on the display, target location can 
be computed from knowledge of the camera 
position, aircraft motion, etc., from sightings at 
two different points. The advantage of this 


approach is that it provides the best capability 
for viewing targets under moderately hazy. or 
night conditions. It has the disadvantage of re- 
quiring the pilot to look at his cockpit display 
at a critical time. 
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Forward-Looking Radar 


Under the conditions of poor visibility the 
pilot will not be able to use his optical sight 
and will rely instead on his forward-looking 
radar. This forward-looking radar will have the 
following functions: 
® provide signals for terrain avoidance 
® provide signals for display of targets and 
ground mapping 
® provide range information for bomb dropping 
and rocket firing 

® weather detection 

® detection and tracking of enemy aircraft for 
launch of air-to-air missiles 

® tracking of command-guided air-to-ground 
missile. 

Low altitude operation is a requirement to 
provide relative safety in penetration to the 
target area and return. Since the mission is 
“all weather” and since the pilot will of necessity 
have to devote a considerable portion of his 
attention to the identification of the target area, 
an automatic terrain-avoidance and navigation 
mode is required. The ground-mapping function 
provides the capability of identifying the target 
area without visual contact and of firing vari- 
ous types of armament. For certain operations, 
medium altitude is required for effective use of 
reconnaissance sensors and where, consequently, 
terrain avoidance and forward ground mapping 
is not required, a self-defence air-to-air detection 
and tracking capability is available for survival. 
These modes, including a radar altimeter func- 
tion, are provided by the forward-looking radar. 
Integration with the inertial or doppler navi- 
gation system is required to provide the pilot 
with his immediate geographical position and 
course, and to enable the reset of the navigation 
system from radar check-point data. 

Elements of the forward-looking radar system 
are: antenna, transmitter/receiver, display and 
clearance circuitry, antenna controller and 
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and angle data enable the accurate delivery of 
the weapon to be made. 

A secondary air-to-air mode can be provided 
without undue complexity. This mode will per- 
mit an air-to-air search and presentation of all 
detected targets. The pilot selects a target and 
steers out the angular errors. The antenna is 
slewed to the optical boresight, manual range 
lock-on is initiated and automatic range tracking 
enables the firing of a weapon, e.g., an infrared 
homing rocket. 


Passive Defence System 


Low-altitude penetration is relatively safe. 
However, certain point defences now in use can 
destroy attacking aircraft at all but the lowest 
altitudes. Avoidance or deception ECM are the 
prime aircraft defences in this case. 

Alternatively or to supplement the passive 
receiver equipment, a deception jammer may be 
employed. This equipment is now highly effec- 
tive against all known types of radar but has 
fairly severe weight and power requirements for 
an aircraft of this type. For the time scale of 
this aircraft, new developments in jamming 
techniques may make ECM an effective pene- 
tration aid. 


Cockpit Instrumentation and Display 


The cockpit instrumentation and display 
system for an all-purpose single-seat reconnais- 
sance-strike aircraft can be determined only 
after a careful study, taking into account the 
mission profile, targets, tasks to be performed, 
pilot capabilities to perform these tasks, auto- 
matic equipment used for navigation and control 
of the aircraft, space available in the cockpit, 
type of armament to be launched, types of 
sensors to be used (radar, IR, etc.), resolution 
capabilities of sensors, etc. 

It will be a very difficult task for the pilot to 
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A comparison of the factors involved in using a missile with an offset launching capability. The graph on the left shows 
the increasing probability of survival for an aircraft as the launching distance from the target increases. On the right, 
the curve illustrates the increasing circular error probability of the weapon over the same distances in miles. For the 
attacker, the problem is to equate the two values, to ensure maximum weapon effectiveness with aircraft survival. 


servos, radar control panel, terrain clearance 
computer, altimeter antenna. 

The terrain clearance mode presents a picture 
of those terrain features which extend above a 
clearance plane which is positioned at some 
arbitrary distance below the aircraft. The mode 
permits safe low-altitude flying over rough ter- 
rain in all weather. Where it is desired to fly 
around obstacles which appear in the clearance 
plane, the contour mapping mode is used. This 
differs from the terrain clearance mode in that 
a stabilized clearance plane at local horizontal 
is always used. 

By introducing a spoiler, the pencil beam 
used for terrain avoidance is changed to provide 
uniform signal return from the terrain to enable 
a quick and accurate determination of distance 
from targets or terrain features. 

After the target is identified in the ground 
mapping mode and range has reduced to a spe- 
cified limit, depending on the weapon to be de- 
livered, the beam is switched to a pencil beam 
and directed to bracket the target area. In con- 
junction with the weapon computer, the range 
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perform a strike reconnaissance mission under 
all-weather flight conditions without a second 
crew member to aid him, for he will need nearly 
all his time to monitor his displays. Therefore, 
in order to simplify the pilot’s task, special care 
must be exercised in the selection of the auto- 
matic navigation and flight control equipment 
to make sure that they are extremely reliable, and 
the cockpit instrumentation and display system 
must be so designed that the pilot can use it 
most efficiently. With this objective the cockpit 
configuration illustrated here indicates the kind 
of thinking which must be incorporated in the 
one-man all-weather strike-reconnaissance ve- 
hicle of the 1965 to 1970 time period. 

Where judgment and decisions are necessary, 
the instruments should give the pilot “status” 
type information (i.e., what is the present and 
what is the normal or desired flight condition 
of the airplane, measured in terms of various 
parameters). He will integrate this with other 
internal and external problems related to the 
total mission in order to decide upon the best 
possible control movements. 


Radar Display Unit 


The radar cockpit display unit is part of the 
closed-circuit television system utilized in 
presenting reconnaissance radar data to the 
pilot. The display unit has a rectangular cathode 
ray tube with an essentially flat viewing surface 
of 80 sq.in. and an 8 X 10 ratio. An associ- 
ated control console provides a radar display 
mode selector, essential presentation controls, 
and a symbolic target acquisition marker and 
associated position control. The inherent flexi- 
bility of this electronic display system makes 
possible changes in scale factor to facilitate any 
display configuration including: 
® Combined forward (1) and side-looking(2) 

radar views 
® Side-looking radar (both sides) 
® Side-looking radar (single side) 
® Terrain avoidance. 


Flight instruments 


The attitude director indicator utilizes the 
moving horizon, fixed aircraft, attitude display 
concept (i.e., inside, looking out). The two-one 
sphere moving behind the fixed aircraft symbol 
is capable of fully unrestricted motions in pitch 
and roll. To complement the attitude presen- 
tation, needle and ball indications are incorpo- 
rated at the bottom of the instrument. Director 
information is provided on this display in the 
form of cross pointers to facilitate letdown. 

Attitude inputs for pitch and roll are pro- 
vided from the inertial navigator. Director 
inputs from the ILS network or VTOL landing 
transponder are also used. 

The horizontal situation indicator utilizes the 
“moving card” heading concept with a fixed 
aircraft symbol pointed upward, indicating air- 
craft heading (i.e., inside-looking-out concept). 

A moving bar is used to represent the desired 
flight path or other positional reference line in 
space. The displacement and orientation of this 
bar with respect to the fixed aircraft symbol 
pictorially represents the actual space relation- 
ship of the aircraft to the desired track or se- 
lected reference line. The heading of the aircraft 
is read consistently at the top of the instrument. 
Command heading is portrayed by the motion 
of a command index about the periphery of the 
compass rose. A bearing pointer on a periphery 
of the compass rose shows the relative and 
compass bearing to selected fixes. At the bottom 
of the instrument, a digital readout provides 
distance information such as conveyed by 
TACAN,Omni-DME, or GCI. A heading se- 
lector knob enables the pilot to control the 
command heading index manually. A course 
selection knob, together with a digital readout, 
permits manual alignment of the course bar. 
Mode windows on the instrument may be used 
to indicate to the pilot the particular mode in 
which the instrument is being used. 

The heading and direction inputs are provided 
by inertial navigator. Course and distance meas- 
uring inputs are furnished through manual in- 
sertion or a discrete instrument navigational 
system operational mode. 

Vertical tape instruments solve the funda- 
mental problem of effectively providing inte- 
grated command information with actual per- 
formance data. An extension of the wing tips 
of the fixed aircraft symbol on the attitude 
director is formed by the tape display actual 
performance indices. This “in-line” concept 
coupled with moveable command indices pro- 
vides the pilot with an instinctive quantitative 
and qualitative realization of the control action 
necessary to provide the desired performance. 
The utilization of the tape type display has the 
added advantage of providing inherent growth 
potential with continued improvement in engine 
and airframe performance. 
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Flight Endurance Display 


To maximize the potential success of an 
operational mission, optimum utilization of the 
fuel is mandatory. The most probably tactical 
mission of this aircraft and the associated pilot 
work load complicate the attainment of this 
goal. Therefore, to facilitate the execution of a 
successful mission, a flight endurance display- 
computer is essential. 

The function of the indicator-computer is to 
compute and display to the pilot fuel-time-re- 
maining and time-to-destination based on: 
® Total fuel quantity remaining 
® Fuel reserve 
® Total fuel flow 
® Pressure altitude 
® Distance to destination 
® Ground speed 

In a alternate operational mode, the com- 
putation is based on manually-selected values of 
distance-to-destination and ground speed. 

Secondary functions of the indicator-com- 
puter are: 
® Display on digital readouts of the parameters 

on which the computations are based, with 

the exception of pressure altitude. 

® Provide a disabling circuit actuated by an 
external signal when the aircraft attitude is 
other than climb, cruise, or letdown, and in- 
dicate the non-functioning condition of the 
computer by means of a warning light in the 
indicator. 

® Provide a warning signal for operation of an 
external warning device, when fuel-time- 
emaining is less than 15 minutes. A warning 
signal is also provided if the difference be- 
tween flight time to destination and fuel time 
remaining is less than the 15 minutes holding 
reserve. 

The air data computer is a central source of 
data on the environment through which an air- 
craft is flying. It is an electromechanical device 
which senses the air environment and furnishes 
this information to the various subsystems for 
control and pilot’s instrumentation. 

By providing a central source of air data in- 
formation, duplication of transducing and com- 
puting functions is avoided and weight and 
complexity are minimized by eliminating the 
need for separate computational devices for each 
individual subsystem. 

Navigation and Flight Control 

The operational requirements for a single- 
place VTOL strike reconnaissance vehicle de- 
mand a capability for automatic navigation and 
flight control so that the pilot may devote maxi- 
mum time to identifying targets and making 
strike decisions. In order to do this he will 
require automatic navigation and flight control 
almost equivalent to that which could be pro- 
vided by an additional crew member. 

The following functions are considered ne- 
cessary for the navigation and flight control 
system: 
® The system must provide reliable automatic 

terrain avoidance which can be easily moni- 

tored by the pilot without detracting from 
reconnaissance observations. 

® The system must be virtually self-contained, 
capable of providing the accuracy necessary 
for mission success with minimum reliance 
on external information and minimum elec- 
tromagnetic radiation. 

® The system must be capable of following a 
selected course with a capability for simple 
pilot override and for change in desired 
destination. 

The following navigation and flight control 
equipment will meet the basic navigation and 
flight control requirements as well as being 
compatible with other operational and func- 
tional requirements to provide an efficiently in- 
tegrated weapon system: 


Inertial navigation system 

Terrain avoidance computer 

Automatic stabilization and control system 
Flight programmer 

Radar altimeter 


Navigation System 


A sub-miniature inertial navigation system 
such as the MH338 system is typical of the type 
which may be considered for the VTOL air- 
craft. It embodies a four-gimbal stable platform, 
a computer, a pilot’s control and display panel, 
an electronics and repeater unit, and a power 
supply. 

The basic navigation system generates air- 
craft latitude and longitude, aircraft attitude 
and heading, and has alert times of 25 seconds 
to 10 minutes, depending on the navigational 
accuracy required; the long alert time permits 
more accurate alignment of the platform. The 
short time would normally be used for emer- 
gency fast takeoff. 

The system uses a local vertical coordinate 
system, provides all attitude maneuverability, 
supplies aircraft attitude information, and re- 
quires no external ground equipment. The basic 
system, including the platform, electronics, 
computer, control/display panel, and power 
supply weights 57 pounds and occupies a vo- 
lume of 1.0 cubic feet. Running power require- 
ments are 338 watts a.c. and 9 watts d.c. 

In selecting an inertial systems, three methods 
for navigation are considered: 


Weight 
Inertial navigation 57 pounds 
Doppler-inertial navigation 110 pounds 
navigation (including North 
reference and attitude 
reference signals) 
Doppler dead-reckoning 137 pounds 


Specific configurations of each of these 
methods can provide adequate performance for 
the VTOL aircraft; thus, cost, size, and weight 
become important parameters in selecting the 
navigation system. The doppler dead reckoning 
system is less expensive than the inertial system 
but has a greater weight and is less versatile; 
high-performance North reference necessary for 
the dead reckoning, and attitude reference for 
the flight control system must be generated from 
separate sensors and contribute to weight and 
cost of the doppler system. The doppler inertial 
system has a much greater cost and weight than 
the inertial system, while providing more than 
adequate accuracy and operational flexibility. 
Thus, the inertial approach provides adequate 
performance and all necessary navigation and 
attitude reference outputs at a reasonable cost 
and weight. 


Flight Control System 


A flight control system typical of that which 
may be used on the VTOL aircraft is the adap- 
tive autopilot. The system provides stability 
augmentation in three axes and has the following 
control modes: 
® Attitude hold (attitude reference from 

inertial navigator) 
® Heading hold 
® Mach hold 
®@ Altitude hold (barometric) 
® Control stick steering 
® Terrain avoidance. 

The basic system weights 45 pounds and 
occupies 1.0 cubic feet of volume. 

To the basic system is added the terrain 
avoidance coupler whose output controls the 
motion of the aircraft to maintain some mini- 
mum distance above the terrain. The coupler 
accomplishes this on the basis of computations 
made on outputs of the forward-scanning radar 
and aircraft motion as measured by the inertial 


system. The system reverts to radar altitude 
control when search radar return is lost or when 
clearance altitude is decreased to the danger 
point. 

An automatic landing system can be added 
to the basic AFCS to provide all-weather landing 
capability. The system is basically a rate-of-de- 
scent controller which responds to sequentially 
reduced rate commands. The commands are 
switched at absolute altitudes above the landing 
space as measured by a radar altimeter. 


Communications 


The analysis of communications require- 
ments indicates that the communications system 
should fulfill the following objectives: 
® Size, weight, and complexity must be held to 

a minimum consistent with the ability to 

complete successfully both combat and non- 

combat missions. 

® Tactical and operational considerations of 
dispersed operations place severe restriction 
on the use of radio aids, and the vehicle must 
be virtually self-sufficient except under 
extreme emergency. 

® Maximum utilization of other equipments 
such as the navigation and the reconnaissance 
system must be made to relieve communi- 
cations requirements. 

The UHF receiver and transmitter provide the 
pilot with a basic voice communication system. 
The UHF system would provide normal short- 
range communications but would very likely 
not be used during a combat mission except 
under special situations. The LF/MF system 
would be an emergency backup for the UHF 
system as well as providing longer range com- 
munication for use in tactical reporting. The 
necessity of using voice communication may be 
minimized, especially in dispersed base oper- 
ation, by making adequate pre-flight plans and 
by utilizing the navigation system in conjunction 
with reconnaissance systems. 

A means of positive radar identification such 
as an IFF system will be required. The trans- 
mission of a coded signal will cause a similar 
return to be painted on a surveillance radar at 
the aircraft position. The coded arrangement of 
the signal may be selected from various preset 
choices. 

As a result of a preliminary communication 
requirements analysis, several devices have been 
eliminated because they do not provide a signifi- 
cant improvement in the probability of mission 
success, 

While there are possible, but unusual, situ- 
ations where a particular device may be desired 
or even necessary, it is impossible to provide 
absolute protection against remote conditions 
and still accomplish the mission within the 
limitation of cost, weight, and complexity. By 
eliminating non-essential equipments such as 
TACAN, ECM (other than that possibly used 
in a ferret reconnaissance mission), and beam- 
following or data link systems, it is possible to 
place more emphasis on the optimization of the 
essential equipments to improve reliability, oper- 
ational flexibility and to minimize secondary 
demands on the pilot’s attention. 


Conclusion 


This review of systems integration philosophy, 
for a future VTOL aircraft to be used for coun- 
terforce missions, is based upon equipment ca- 
pabilities and performances which can be ex- 
pected in the 1965—1970 period. This applies 
not only to the airborne equipment, but also 
to the capabilities of the defence. In the major- 
ity of instances, this equipment performance is 
available at the present moment and the review 
is indicative of the degree of integration which 
must be achieved to make the tactical VTOL 
aircraft capable of carrying out its role. ++ 
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Spirale ITI — 


A Light STOL Military Transport 


The mock-up of the fuselage of the Spirale 
III on the stand of Générale Aéronautique 
Marcel Dassault was undoubtedly one of the 
surprises of the Paris Air Show. The stimulus 
for this design comes from the French Gen- 
eral Staff's month old competition for a light 
military transport suitable for use on make- 
shift airfields. The specification is for an air- 
craft with the minimum capability of carry- 
ing a payload of 3,300 Ib over a distance of 
937 miles at a speed of 250 m.p.h. The latest 
date for submitting designs is August of this 
year, and a decision is expected in September 
or October. If the Spirale III is chosen, Sud- 
Aviation will produce the parts, whereas 
Dassault will be responsible for final assem- 
bly and flight testing. 

As can be seen from the name itself, the 
aircraft in question is a further development 
of the Spirale OI prototype, which has been 
flying since April 1960. The differences, not 
only in the tasks of the two aircraft but also 
in the construction of the airframes, are how- 
ever greater than those usually encountered 
in two aircraft types bearing the same name. 
Basically, the Communauté MD 415 short- 
range aircraft, designed for eight passengers, 
which made its first flight on May 10th, 1959, 
is considerably nearer to the Spirale OI, than 


Three-view drawing of the Spirale III. 
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The military versions derived from the MD 415 Communauté are designated Spirale. Our picture shows the Spirale 01 
which has been undergoing flight testing since April 8th 1960; this aircraft is equipped with two Turboméca Bastan 
turboprops, each with a takeoff rating of 1,000 e.h.p. In conformity with specification set in the French Government’s 
design competition for a multi-purpose transport, Dassault has now developed the larger Spirale 1/1, with high wing and 
tail loading ramp. 


is the Spirale OI to the Spirale III. Whereas 
the first two aircraft mentioned had the same 
wing, the same tail assembly, the same en- 
gines, and the same undercarriage, the Spirale 
III had to be designed with a high wing, in 
order to allow loading and unloading by 
means of a ramp in the rear of the fuselage 
which in turn necessitated a new undercar- 
riage. The tail assembly also underwent sub- 
stantial modification. For example, the vari- 
able incidence tailplane can be adjusted to 
trim out control loads in varying conditions 
of flight and centre of gravity positions, such 
as occur when air-dropping loads. 

For the rest, the Spirale III was derived 
from the Spirale OI by “multiplying by 1.3.” 
The aircraft is some 56 ft long and 20 ft high; 
the wing, with a 13° sweepback at the leading 
edge, has a span of some 66 ft. The aircraft 
is powered by two Turboméca Turmo III 


Some typical playloads: 


Takeoff weight 20,900 Ib 
3,300 Ib freight, which can be dropped by parachute 











Takeoff weight 24,200 Ib 
21 passengers 
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Takeoff weight 20,900 Ib 
1 vehicle plus 4 passengers 








turboprops, each of 1,300 h.p. takeoff rating, 
which drive Ratier-Figeac three-blade adjust- 
able pitch propellers of 12.54 ft diameter. 

As in the case of the Spirale OI, the fuse- 
lage nose, ahead of the cockpit, is arranged 
as a fully glassed-in observer’s position. The 
hold, which is 6.1 ft high, has a useful floor 
surface 23.1 ft long < 6.27 ft wide and ac- 
cess is through a tail loading door, which 
takes up the whole width of the fuselage, as 
well as through two side doors. The accom- 
panying drawings show some typical loads. 
With an empty weight of some 13,200 Ib, 
the Spirale III can take on up to 7,700 Ib 
payload and carry this load for 560 miles. 
As the payload diagram on the next page 
shows, the transport capabilities of this air- 
craft are far in excess of those laid down by 
the French General Staff. 

No less impressive are the aircraft’s take- 


Takeoff weight 24,200 ib 
8 stretcher cases plus 1 doctor 



































Takeoff weight 24,200 Ib 
7,700 Ib freight 
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Takeoff weight 24,200 lb 
2 vehicles 
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off and landing characteristics, which are 
achieved by strictly traditional means and 
without special lift devices. At a nominal 
20,900 Ib takeoff weight (this corresponds to 
975 miles with 3,300 lb payload) the Spirale 
III, at an altitude of 3,300 ft and under tropi- 
cal conditions, requires a takeoff of under 
|,000 ft over a 35 ft obstacle and at its maxi- 
mum takeoff weight of 24,200 lb needs bare- 
ly 1,650 ft. Minimum speed is under 62 
m.p.h. and it has an optimum turning radius 
of some 330 ft, so that even landing places 
in narrow mountain valleys can be used. 
Maximum cruise speed, on the other hand, is 
quoted at 281 m.p.h., whilst economic cruis- 
ing speed is 250 m.p.h. The retractable un- 
dercarriage with trailing wheels (tyre pres- 
sure 43 p.s.i.) ensures flexibility of operation 
on most types of terrain. 
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Range in Km (with fuel reserves) 


Payload v.s.range diagram for the Spirale I/I. Curve A 
represents normal takeoff weight of 20,900 lb and curve B 
the maximum takeoff weight of 24,200 lb. The broken 
line shows the minimum performance requirements, as 
stipulated by the French Military planners in the design 
competition. 


Apart from its main multi-purpose trans- 
port function, the Spiralé III can be called on 
for all applications for which its predecessor 
was designed, such as ground support in local 
wars, observation and reconnaissance, pilot 
and navigator training, communications, and 
rescue. The prototype stage will, in any 
case, be dispensed with, since all the expe- 
rience necessary is already available from the 
Spirale OI. In fact, the first pre-series model 
could start flights tests some 20 months after 
a production order had been given. 

How many aircraft of this type can one 
expect the French Government to order? As 
is well known, the Programme Law provides 
for 80 such aircraft. The NF 180 million at 
present allocated for this purpose would not 
however cover the construction of more than 
60 to 70 such aircraft. oe 


A New North-Seeking Gyro Compass 


Ties are but very few manufacturers of 
North-seeking gyro equipment, one of whom is 
Anschiitz & Co. GmbH., at Kiel, leading pro- 
ducer of ships’ gyro compasses. Anschiitz was 
already active in the field of aviation before the 
war, when it was producing mainly gyro ho- 
rizons, but the concern also carried out con- 
siderable development work on automatic flight 
control systems. 

It was in 1959 that this company put its first 
North-seeking gyro compass on the market. This 
compass, designated Girolit I, has proved its 
accuracy and reliability in a number of countries. 
The experience obtained in the practical use of 
this equipment has been incorporated in an 
improved version, known as Girolit II, which 
is already in use for alignment purposes by the 
armed forces of several European countries in 
their guided missile units. 

The complete Girolit I] system, which can be 
operated by two men, consists of the gyro unit 
with tripod mounting, its transport container 
with cover, a control unit, and a converter, as 
well as the necessary cables and a case of spares. 
Current is supplied by a 24-volt battery, which 
feeds a 115-volt 400 c/s a.c. generator. The 
rotational speed of the gyro is 23,000 r.p.m., 
and its power consumption only 100 watts. 

The Girolit II] can be carried on a small 
vehicle, and can be set up on the spot with a 
minimum of manipulation. Although a high- 
class precision instrument, this gyro compass is 
extremely robust. Even journeys over rough 
terrain do not affect its reliability or the ac- 
curacy of the readings obtained. And, even when 
actually in operation, this instrument remains 
largely insensitive to mechanical vibrations, for 
instance those caused by passing vehicles. 

The gyro unit consists essentially of a single- 
gyro compass with a high weight moment and, 
consequently, a very short pendulum period. The 
gyro itself is enclosed in a hermetically-sealed 
float, below which, at a good distance, is at- 
tached a weight for setting up the desired weight 
moment. This float, with gyro and weight, is 
supported in a conductive bearing liquid, and is 


suspended at the bottom of a high precision 
vertical connecting band, the residual weight 
being small. This band is fixed to the disk 
which closes off the top of the gyro unit. The 
gyro’s current supply is transmitted through the 
conductive liquid without any friction. 

The short setting period of this gyro is the 
result of the short pendulum period and of a 
new method of damping. In this method, the 
metal connection band, which becomes twisted 
as a result of the gyro’s pendulum motions, is 
periodically untwisted. The disc follows the 





North-seeking float accurately and without 
backlash. The gyro is operated by a servo-motor, 
which is controlled by a sensor locked to the 
disc, thus forming a closed circuit with the 
float through the liquid. 

The meridian-seeking disc can be used with 
any sighting equipment, such as a theodolite or 
a bearing ring, and will orientate its scale to 
North. The sighting equipment can be detached 
without losing the adjustment. On the lower 
half of the housing, a screw is provided for 
locking the float in position whilst the gyro is 
being transported. When the float is released, 
an optical warning signal is given. A glass panel 
is provided in the covering of the housing to 
allow observation of the scale on the float and 
of a thermometer. The Girolit II orientates 
sighting equipment to North in 15 to 18 min- 
utes. This setting period is valid for medium 
latitudes, but the increase at higher latitudes is 
negligible. Adjustment to North is carried out 
completely automatically, and the measuring 
equipment orientated is thus immediately avail- 
able for operation, no further computation or 
adjustment procedures being required. Thus no 
bias compensation is necessary, nor does the 
sighting equipment require any manual setting. 
The Girolit IJ can therefore be operated at any 
time by unskilled personnel. 

The maximum error of any individual read- 
ing is + 3.4 radians, a degree of accuracy more 
than adequate for all practical applications of 
the Girolit II. In view of the fact that this gyro 
compass is completely automatic in operation, 
additional sources of possible error, namely 
reading off or computing, are eliminated. 
Thermal insulation of the compass housing is 
high, and a thermostatically-controlled heating 
system ensures constant operating temperature 
inside the equipment, so that the instrument 
maintains its precision independently of external 
weather conditions. Comprehensive tests have 
shown that there is no loss of accuracy or 
reliability either under arctic conditions at 
latitudes of over 70°, or under sub-tropical 
conditions. ++ 
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Rockets, Missiles and 


Space Vehicles 


The Vostok Space Flight 

More precise information is now available 
from Moscow concerning the first manned 
space flight (see Interavia 5/1961, page 556). 
According to these reports, the Vostok was 
launched from the Baikonur firing range in 
West Siberia (latitude 47 °N, longitude 65 °E), 
and landed near the village of Smelovka in the 
Saratov District, some 500 miles south-east of 
Moscow. The estimates of American scientists 
put the thrust of the six-engine carrier rocket 
at some 1.25 million Ib. 


Canadian Research Rockets 


Canadian Government and industry are to- 
gether currently developing three new solid- 
propellant rockets for space research. These 
are the Black Brant 3 (one-stage, maximum 
diameter 10 in.), the Black Brant 4 (two-stage, 
maximum diameter of first stage 17 in. and of 
second stage 10 in.), and the Black Brant 5 
(one-stage, maximum diameter 10 in.). These 
three models enable scientific instruments, 
ranging in weight from 25 lb to 250 Ib, to be 
carried to altitudes between 100 and 965 miles. 

The development programme has been en- 
trusted to a team made up of representatives 
of the Department of Defense Production, the 
Defense Research Board, and Bristol Aero In- 
dustries Ltd., with overall coordination in the 
hands of the Armament Branch of the Depart- 
ment of Defense Production. The design au- 
thority for both the rockets and the propellant 
is CARDE, the Canadian Armament Research 
& Development Establishment, and the main 
contractor for construction of the vehicle is the 
Winnipeg Division of Bristol Aero Industries 
Ltd. Also cooperating in the programme as a 
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Model of the Mariner A spacecraft, intended for Venus 
research. Payload is quoted at 1,000 to 1,500 lb (when used 
as an earth satellite in a 300-mile earth orbit, payload can 
be increased to 8,500 lb). NASA follow-on programme for 
Venus and Mars research is the Voyager; first launch of this 
vehicle, powered by a Saturn booster, will probably take 
place in 1965, and payload is some 10,000 Ib. 


whole are the Defense Research Telecommuni- 
cations Establishment, the Defense Research 
Board, and the National Research Council. 

All three versions of the Black Brant use the 
solid propellant developed by CARDE, and also 
profit from the experience gained by CARDE in 
connection with the production of Black Brant 1 
& 2. Prototypes of the new versions of Black 
Brant are expected to be launched from the 
Fort Churchill Rocket Range in 1962. 


Project Rebound 


The National Aeronautics and Space Ad- 
ministration is examining proposals for Project 
Rebound. This will be a continuation of the 
Echo experiments, using balloons in earth orbit 
as passive communications relay stations. Pro- 
ject Rebound will comprise twelve or more 
balloons with a diameter of 135 ft, several of 
which will be sent into orbit by a single booster 
in 1963. The balloons will have a sandwich 
skin, the middle layer of which will consist of 


Mark 5 re-entry vehicle, developed by Avco Corporation’s 
Research and Advanced Development Division, shown 
in an acoustic chamber. This vehicle, intended for the 
U.S. Air Force’s Minuteman ICBM, is about to be 
exposed to a sound of approximately 143 decibels, such 
as occurs at missile launch. The two technicians are 
installing microphones to pick up the sound pressure 
level in the chamber. 


< 


> 


Full-size mock-up of a rocket for high altitude meteoro- 
logical research, built by Bristol Aerojet Limited, Ban- 
well, Somerset, England. The main construction material 
is steel and plastic reinforced with fibreglass. 


a foam which hardens under the action of the 
sun’s rays. This will enable the balloon to retain 
its original shape and radio reflectivity, even 
after thousands of orbits. 


The Mariner Spacecraft 


According to recent information, the first 
Mariner A spacecraft is scheduled for launch 
on its flight to Venus at the end of 1962 (see 
Interavia 2/1961, page 222). This spacecraft 
will be equipped with either an Atlas-Agena B 
or an Atlas-Centaur. After a flight lasting some 
three months, the Mariner is scheduled to pass 
within about 16,700 miles of the planet, and the 
equipment on board will collect and store in- 
formation ‘concerning surface temperature, 
composition of Venus’s atmosphere, magnetic 
fields, radiation, and micrometeorites. Mariner A 
will then go into orbit round the sun. Eighteen 
flights are programmed for the period 1965/ 
1975. The first Mariner B for Mars research is 
scheduled for launch in 1963. + 
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The Digital Computer in Air Traffic Control 


The electronic industry and air traffic control 
authorities (ATC) in many countries are at 
present endeavouring persistently to increase the 
efficiency of ATC by the use of automatic aids. 
The results of the studies and development work 
so far undertaken, which have in some cases 
involved the expenditure of vast sums of money, 
can already be seen in basic agreement on some 
points as to the measures to be adopted. One of 
the most important of these is the planned use of 
programme-controlled high performance digital 
computers at control centres. 


The limits of the current ATC system 


The safe and relatively smooth handling of air 
traffic on its present scale would be unthinkable 
without the existing ATC system. Since, however, 
both the volume of traffic and the proportion of 
jet aircraft are constantly increasing, this well- 
tried system is very quickly approaching the 
limits of its efficiency. This is especially true of 
some basic features of ATC, as it is at present, 
which bar the way to further development. 

The technical aids available today did not 
exist when the present air traffic control system 
was introduced, and there was no alternative at 
that time but to rely to a large extent on the 
human element. It is, therefore, just in certain key 
functions that efficiency is limited. Except for 
terminal areas, which are of relatively small 
extent, the control of air traffic is limited to 
airways, i.e. it presupposes rigid routing. 

Accordingly, notwithstanding the continually 
increasing traffic density, the aircraft must be 
“forced into” the airways. The consequence of 
relatively wide separation is that, given the 
speeds of modern aircraft, the available con- 
trolled airspace cannot be used in anything like 
as rational a manner as circumstances demand. 


Moreover, the state of affairs has already 
been reached where the indispensable exchange 
of information, not only between pilot and air 
traffic controller, but also within control centres, 
can be achieved only with difficulty. The retention 
of visual flight rules—despite the realisation that 
they no longer offer an adequate degree of safety 
—is an admission that air traffic control is just 
about at the limit of its capability. 

If an attempt were made to increase the effi- 
ciency of the system without the introduction of 
new types of technical aids, amongst the results 
would be the division of airspace into still more 
areas of jurisdiction, a multiplicity of control 
transfer points, and further demands on the 
already overcrowded R/T channels; but there 
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would be no appreciable easing of the situation. 
Panoramic radar systems, whilst not without 
their shortcomings, can, of course, offer valuable 
improvements in respect of the detection and 
display of the elements of the current traffic 
situation, although such improvements are 
limited to this one relatively narrow field. Never- 
theless, they do enable the air traffic controller 
in individual cases, which are limited in time and 
place, to clear critical situations by applying 
reduced horizontal separation and, to some 
extent, to bring visual flights into the monitored 
category. 

In order to get to the root of the trouble, 
however, further aids are necessary and these 
must be predominantly automatic. Only when 
they are provided will it be possible to check 
and, perhaps, one day, to eliminate completely 
those limitations on traffic which, involving as 
they do holding periods and the allocation of 
uneconomic flight altitudes and routings, are 
still the order of the day. 


The application of electronic digital computer 
systems 


ATC involves an enormous amount of data 
processing, calculation work, and exchange of 
information. An increase of efficiency, or in other 
words an acceleration of work, is therefore a 
fundamental necessity in these three fields, if the 
ATC system is to meet present and future 
demands. This is the seat of the great strength 
of the electronic digital computers available 
today. 


The function of such a computer, which can 
provide extremely quick solutions to the prob- 
lems with which it is presented, can, however, be 
incorporated into ATC only step by step. Such 
unaccustomed aids must be allowed gradually to 
become an organic part of a system which has 
grown up over the course of many years, and 
must not be allowed to limit or interfere with 
current ATC operations. It is, moreover, im- 
possible, given the complex structure of the ATC 
system, to plan in advance the use of automatic 
aids down to the last detail. The computer must 
rather be entrusted with individual problems in 
stages and the experience obtained from its use 
in practice used each time as the basis for detailed 
planning of the next stage. Throughout the tran- 
sition period, the experience obtained in other 
fields of air traffic control must also be taken 
into consideration, in the same way as changes 
which have been made in the meantime and, 
last but not least, any new international agree- 


ments. In this respect, the versatility and flexibility 
of a computer have even greater significance. 


We shall now go into some of the most import- 
ant problems which can be handled in an almost 
ideal manner by a suitable digital computer 
system. The necessary preparations and tests are 
already in progress in various quarters. 


One of the first tasks that the computer can be 
expected to take over is the control of flight 
progress strip printers. For this purpose, flight 
programmes and flight programme extracts, as 
well as the very latest meteorological data, are 
fed into the computer by means of suitable 
keyboards; the computer then sorts and stores 
these data. With the aid of the constants, including 
the structure of the controlled airspace (such as 
the geographical position of airports, airways, 
and reporting points) as well as the flight charac- 
teristics of all the aircraft which will have to be 
dealt with (such as air speed, rate of climb, and 
rate of descent), it is now possible to let the pre- 
programmed work sequences go on automatically, 
and to print flight progress strips for each new 
flight. 


The computer itself gives estimates of arrival 
times over individual control points, and assem- 
bles the data required by the individual control 
units. Neither the input nor the output of data 
in the form of printed flight progress strips is 
dependent on the location of the computer and 
such operations can, for example, be accom- 
plished from any points desired, the results being 
transmitted by teleprinter. The flight data con- 
tained in the computer’s memory can be kept up 
to date by feeding in takeoff times, position 
reports, and the changes thereby arising. The 
input of basic data and their correction, which 
proceeds side by side with the manual correction 
of flight progress strip data by the control per- 
sonnel, can be adequately performed by less 
qualified men. 

In this way, a completely up-to-the-minute 
picture of the flight situation is available in the 
computer at all times, and this serves as a basis 
for the calculation of the subsequent movements 
of aircraft to be dealt with. Apart from main- 
taining a running check for overdue position 
reports, the computer can also take over the work 
which the control personnel has to perform in 
dovetailing a new flight into the existing traffic, or 
when new or modified flight data are received or 
issued—in fact, checking for potential conflicts. 

This means that, whenever new information is 
fed into the computer, it automatically investi- 
gates in accordance with special programmes 
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whether any violation of safety distances would 
occur within a specific period of time. The answer 
is immediately brought to the knowledge of the 
responsible controller and, should the finding of 
this conflict check be positive, the answer is 
accompanied by one or more alternative propo- 
sals involving no risk of conflict. These can be 
used either as leads for planning ahead, or one of 
them adopted as it stands. In this connection, it 
should be mentioned that various developments 
are leading to the use of computer-governed 
flight progress boards in addition to control-strip 
printers. The strips of the former are automatically 
corrected in accordance with any alterations. 


The extension of the automatic forward plan- 
ning of traffic beyond a small period of, say, half 
an hour seems pointless, since an increase in 
prediction period greatly increases the inaccuracy 
of the calculation of flight courses. The computer 
can, however, also perform valuable services in 
the long-term field by checking (in a more or less 
summary manner, according to prediction accu- 
racy) whether the flight movements planned will 
or will not lead to undesirable conglomerations 
at critical junction points, in other words to 
traffic congestions which are difficult to disperse. 
This can contribute to an appreciable increase in 
traffic flow, since aircraft approaching the same 
airport from various directions in order to land 
can be brought down in good time to altitudes 
from which an approach flight can be carried out 
without delay. 


The degree of efficiency required of the air 
traffic control system is, to a large extent, depend- 
ent on the density of the traffic, i.e. above all on 
the number of aircraft simultaneously in the air, 
as well as on the extent of planning in terms of 
time. The primary purpose of relatively short- 
term planning is collision avoidance, whereas the 
object of longer term planning is to maintain a 
steady flow of traffic. Since the distances covered 
by aircraft within the prediction period required, 
increase with their cruising speed, the control 
area must be as large as possible; it would not be 
worth while to employ a central computer installa- 
tion in a control area of today’s size. 


Since aircraft take off and enter the terminal 
areas in arbitrary sequence, optimum traffic 
planning, including the most appropriate altitude 
sequencing of approaching aircraft, requires 
additional calculation processes on statistical 
principles. Numerous factors, such as_ the 
optimum utilisation of runways in given weather 
conditions, the individual characteristics of 
different types of aircraft, and the possibility of 
using various navigation and landing aids, have 
to be taken into consideration. Such calculations 
must, however, be accomplished at high speed, 
that is in real time, and for such voluminous 
tasks a high performance digital computer is 
indispensable. 

The computer can give particularly valuable 
assistance in directing the display of electroni- 
cally generated air situation displays. Moreover, 
cathode ray tubes with screens of over 20 in. 
diameter are now available, on which letters, 
figures, symbols, maps, geometrical figures, and 
diagrams can be displayed in whatever arrange- 
ments and combinations are desired. Their high 
definition, precision, and brightness allow the 
images to be rapidly changed and substituted. 
The programme-controlled output of the flight 
data memorised by the computer, on to display 
equipment of this kind, can make them into 
tools which are far superior to the flight progress 


boards in use up to now. It would, for example, 
be possible in a particular case to make an 
enlarged display in the form of a synthetic repro- 
duction of some detail of the traffic situation 
which is causing concern, and to project it in an 
easily assimilable form on to the screen. Hori- 
zontal and vertical sections, corresponding pro- 
jections of disc-shaped layers of air space, special 
function diagrams, and data tables can be 
selected by simply pressing a key. 


All these indications may be limited to the 
resolution of a specific control problem, and offer 
a choice and arrangement of data which are best 
suited to the human mind. Data which are 
superfluous and, therefore, distracting, are ex- 
cluded. On the other hand, in a two-dimensional 
traffic display, it is possible to align in the form of 
symbols, or in clear, the required flight data 
(identification or call sign, flight altitude direc- 
tion, speed, airport of destination etc.) to the 
individual aircraft symbols on the screen. One of 
the advantages of this is that the shortcomings of 
a radar display can be completely avoided. 

Finally, the computer can indicate the estimated 
flight courses in the form of flight tracks, thus 
giving an extremely illuminating picture of the 
subsequent traffic pattern. Dangers of conflicts 
can be very quickly recognised, corrective 
measures planned in a short space of time, and 
their effects immediately checked. All displays can 
be so well prepared by means of the computer 
programme that the overriding controller deci- 
sions, which are impossible or very difficult to 
render automatic and which continue to call for 
specifically human capabilities, can be made 
without the necessity for intermediate operations. 
A considerable number of thought processes are 
thus saved, and the controller freed to concen- 
trate on essentials. A tool as flexible as this 
permits the controller to carry out his proper 
control functions very much more quickly, 
surely, and more comprehensively than hitherto, 
with the result that, when a sufficiently advanced 
stage of development has been reached, it will 
probably entirely replace the flight progress 
strips. 

Digital computers, in conjunction with syn- 
thetic air situation displays, lend themselves to 
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abolishing the existing limits of controlled 
airspace and to an appreciable relaxation of the 
remaining limitations, with a resultant increase 
in the freedom of movement of traffic. Putting into 
practice the necessary new methods for the 
processing of direct flights between points in 
airspace which are defined arbitrarily and at 
short notice involves no fundamental difficulties 
with the aforementioned systems. However, in 
order to attain the final object, equivalent pro- 
gress is also necessary in other fields closely 
connected with the air traffic control system. 

The improvements referred to are, generally 
speaking, the exchange of information between 
ground control units, between the computers at 
individual control centres, between ground 
sources of information and central computer 
systems, and between aircraft and _ control 
centres. In all cases, automatic data transmission 
systems are essential and these, working without 
human intervention, guarantee a very much 
quicker and more prolific exchange of informa- 
tion, which means in turn the maximum possible 
degree of topicality in the information trans- 
mitted. Systems of this kind work most economi- 
cally with binary coding, and this at the same time 
fulfils the indispensable function of directly 
linking the transmission system to the inputs and 
outputs of the digital computer. These measures 
also to a large extent relieve control personnel 
and pilots from the burden of routine telephone 
and R/T communication. 

Furthermore, the automatic transmission, 
evaluation and further processing of radar infor- 
mation, have a major role to play in future air 
traffic control systems. Even in this field, the 
computer can play an important part, namely by 
automatically selecting genuine aircraft targets 
from the raw data delivered by the radar equip- 
ment and by automatically tracking aircraft by 
means of position coordinates converted into 
digital form, and directly fed in to the computer. 
In this way, the speed and reliability of flight data 
correlation are increased so much that the 
advantages of the radar, which have already been 
mentioned, are no longer restricted to individual 
cases limited in terms of place and time, but can 
be given full play. The radar positions can also be 


Calculation, control and memory units of the Telefunken TR 4 digital computer system. This system is to be used 
in West Germany for the automation of various ATC tasks. 
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merged into the synthetic air situation displays, 
thereby further increasing accuracy in the 
horizontal. The increased use thus made of 
positional data, which are derived from non- 
airborne measuring equipment, constitutes an 
amplification of aircraft R/T position reporting, 
and thus represents an extremely valuable 
additional safety factor. 


One must also not forget that the heightened 
performance of the system made possible by 
digital computers can be achieved only if naviga- 
tion systems are improved to the point where 
they allow the desired flight paths to be held with 
far more precision than hitherto. 


The TR 4 all-purpose digital computer 


From what has already been said, it will be 
realised that, in order to handle ATC tasks, the 
digital computer system must have maximum 
capability and efficiency in respect of memory, 
speed, and input/output characteristics. Apart 
from sorting, coordination, rearrangement, com- 
parison, and the searching of extremely large 
amounts of information from many different 
angles, the computer must be able to perform 
elementary operations of a logical nature as well 
as the higher arithmetical calculating operations 
which arise in connection with complex pro- 
gramme structures. 

The West German Federal Air Traffic Control 
Agency has decided, as a first measure, to carry 
out automation of area control by means of the 
Telefunken TR 4 digital computer. The first 
testing and development stages are to include, 
amongst other things, the printing of control 
strips, potential conflict checking, automatic 
exchange of information between the flight 
control centres, and the development of auto- 
matic flight progress and, in particular, of syn- 
thetic air situation displays. It is however intend- 
ed to endeavour at the same time to find a solu- 
tion to the automation of terminal area control, 
a still more thorny problem and, moreover, one 
of particular urgency. 

Telefunken’s TR 4 digital computer system 
comprises one parallel computer for a word 
length of 52 binary symbols, four of which are 
for checking and identification. Parallel operation 
means that the 52 binary symbols of one computer 
word are processed simultaneously. This is done 
at the unusually high speed of 2,000,000 ele- 
mentary operations per second. Furthermore, 
several operations of this type, a smaller or 
greater number of which go to make up a single 
command, can be performed simultaneously. 
This gives an average working speed of 100,000 
commands per second, which is excellently suited 
to ATC tasks. 

This high rate of operation is due in no small 
measure to the fact that four principal com- 
ponents of the system, namely the computing, 
memory, instructing and input/output compo- 
nents, are able to operate simultaneously owing to 
separation of the controls in question; conse- 
quently, the available work capacity is almost 
completely utilised. 

Of particular advantage to ATC operation is 
the high input/output capacity of the TR 4. The 
input/output component, consisting of eight 
input/output channels, links the rapid computer 
to the relatively slow input/output units. Thanks 
to a fully automatic priority control, the computer 
can work simultaneously with eight different 
input/output units through the input/output 
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The TR 4 computer’s ferrite-core memory capable of 
storing 4,096 words, each of 52 binary digits. 





Computer card of the TR 4. A total of 52 such cards 
from the calculation element itself. 








Microprogramme card of the TR 4 computer. About 250 
different commands are accommodated on 80cards of this 
kind. 


channels; such units can even be allocated to 
several programmes, working in time multiplex. 
Moreover, in general, up to eight input/output 
units can be linked to each input/output channel, 
making a maximum of 64. By using suitable 
equipment, teleprinters for example, capacity can 
be substantially increased. The computer’s 
high rate of operation shows itself clearly in the 
fact that, with the aid of a teleprinter/distributor 
using 64 teleprinter circuits and linked to two 
input/output channels, it is possible to correspond 
in both directions simultaneously, and moreover 
independently of the input/output processes, via 
the remaining six input/output channels. 

The ferrite-core memory of the TR 4 has an 
intake of 28,672 words, access time and cycle 
frequency being two and six seconds respectively. 
A ferrite-core memory, capable of 4,096 words, is 
also provided for a number of standard, checking, 
and input/output programmes. Since every 
command word contains two commands, and the 
major part of the ATC data to be processed can 
be memorised and drawn on in the form of half 
or third words, the memory capacity of the TR 4 
can be put more appropriately at some 62,000 
half-words, A valuable addition is provided by 
the large-capacity magnetic tape memories whose 
special function is the intake of less often used 
programmes, data, and lists. Magnetic tape 
equipment of this kind, which can be used as one 


of the 64 normal input/output units, stores some 
ten million alpha-numerical signs, each of six 
binary digits. Thanks to the input/output system 
which is designed for simultaneous operation, an 
almost instantaneous exchange of information at 
a maximum rate of 35,000 symbols per second 
can be achieved with this computer. 

A further feature of the TR 4 system is that 
input/output data can be in any desired code and 
are, therefore, not subject to limitations of any 
kind. This makes it possible, when corresponding 
with other ATC systems or with any desired 
sources/recipients of information, to have direct 
exchange of information instantaneously. Cor- 
responding input and output programmes auto- 
matically ensure adaptation to the internal com- 
puter language. In particular, no previous code 
conversion is necessary for decimal data process- 
ing, since the microprogrammes available also 
permit decimal calculations to be carried out. 

About 250 commands are available on inter- 
changeable microprogramme cards for com- 
bining various data processing and calculation 
programmes with polynomial sub-programming. 
To these can be added special commands which 
occur with particular frequency in specific cases 
(for example when calculating flying time be- 
tween two fixed points and when transforming 
coordinates) as well as the commands which arise 
again and again out of conflict checking, traffic 
flow control and approach climb out flight 
sequences. 

The course of the programme and the necessary 
interplay of various parts of the computer are 
controlled by the command unit. Calculating 
operations and the movement of information 
within the computer, as well as the exchange of 
data between computer and magnetic tape 
memory unit, are automatically monitored for 
errors. When the computer, or part of it, is idle, 
regular checking programmes can be carried out, 
to test the correct functioning of the whole 
computer. The exclusive use of semi-conductor 
circuit elements contributes to increased relia- 
bility; these elements are accommodated on 
printed and easily interchangeable circuit cards. 

The high degree of flexibility of the TR 4 all- 
purpose computer in respect of command struc- 
ture, programming, and programme alteration as 
well as the versatility and interchangeability of a 
large number of the input/output units is one of 
the pre-requisites for ATC use. For this reason, 
the employment of the computer is not limited to 
areas with particular traffic characteristics. 
Indeed, the ratio of simultaneous flights to the 
number of control points, or the ratio of 
traffic density to the size of the centrally directed 
control area, can be adapted to local conditions. 

Lastly, an increase in capability can be achieved 
by adding further computer units of the same 
type. For this purpose, a reorganisation of the 
distribution of tasks can be effected by appro- 
priate re-programming. It is simply necessary to 
make sure that each of the simultaneously 
operating computers is, as far as_ possible, 
allocated an independent field of work, com- 
prising a closed input/processing/output circuit. 
The TR 4 is particularly suitable for working in 
this way on account of its high input/output 
capacity, to which recourse can be had for the 
control of simultaneous working as well as for 
the exchange of information between computers. 
This principle has the great advantage that one 
system, comprising several computers of the 
same type, needs only one reserve computer. 

~~. 








The Reduction of Air Collision 
Hazards 


In May 1958, at the yearly conference of the Ausschuss fiir Funkortung 
in Berlin, Brigadier General P. C. Sandretto, Vice-President and Technical 
Director of the ITT Laboratories, spoke of the paradox of air traffic control, 
which seemed to him to lie in the fact that the technical problems are much 
easier to solve than the organizational and political ones. He pointed out 
that the overlapping air traffic of the armed forces, of the regular airlines, 
and of private and commercial users could be only very inadequately con- 
trolled with the methods then available, and that standardization of naviga- 
tion procedures and automation of air traffic control were accordingly 
indispensable. 

Exactly three years later, from May 16th to 18th, 1961, the Ausschuss 
fiir Funkortung, in Dusseldorf, jointly with the British Institute of Naviga- 
tion and the French Institut Francais de Navigation, held a three-nation 
conference in Dusseldorf with the theme “‘How to reduce the danger of colli- 
sions in maritime and air navigation by means of land-based and ground- 
based aids’’ (see Interavia No. 6/1961, page 755). Basically, the same matters 
were discussed at both conferences, and if one compares the state of affairs 
then with the situation today, one must realize that the intervening three 
years have brought no fundamental changes in the air traffic control (ATC) 
system and procedures. The controller still goes on sitting in front of his 
control panel, giving the pilot the necessary instructions by R/T, coordinat- 
ing with neighbouring control centres, and even with his colleagues in the 
same room, by telephone—and often enough sends up a prayer that at 
critical moments he may display the infallibility which is taken for granted of 
all air traffic controllers. 

Nevertheless, with the passage of these three years, a certain change has 
come about. This change, whilst it does not manifest itself in new equipment 
or methods of operation, is unmistakable and lies in the fact that the trial 
and error stage is now over and that a more or less clear route ahead is 
marked. With the support of the electronic industry everywhere, all the 
leading ATC authorities are working intensively on the automation of ATC, 
except for procedures in which human decisions are indispensable. Although 
various quarters are relentlessly trying to find an airborne system for the 
prevention of collisions, it is in general quite clear that, given the present 
state of the art, it is only with the aid of an efficient ATC system that the 
highest degree of probability of aircraft collision avoidance can be achieved. 

Considerations of space prevent exhaustive discussion here of all the 
papers read at the conference in Dusseldorf. We must limit ourselves to 
giving a selection from the speeches delivered, no judgment of relative merit 
being of course intended or implied in this connection. Our choice has been 
made predominantly from the operational point of view, and we reserve the 
right to report in due course more thoroughly on purely technical pro- 
cesses and systems. 


In an introductory address, Wing Commander E. W. Anderson, President 
of the Institute of Navigation, London, endeavoured to formulate the 
probability of aircraft collisions. His thesis was that the collision index 
increases with the number, length and speed of aircraft, but decreases with 
the growing number of altitude levels at which flying takes place. Wing 
Commander Anderson recalled the outcome of an earlier joint conference of 
the three institutes of navigation, namely that no airborne system capable 
of guaranteeing adequate protection against collisions then existed, so that 
collisions in the air can be avoided solely by an effective ground organiza- 
tion. Although collision avoidance poses an extremely important problem, 
Anderson warned against exaggerating it beyond all proportion. Every 
human activity carries a certain risk, and total protection against accidents 
will never exist in air transport either. The object must be seen as reducing 
the danger of collisions to the point where air transport need not fear com- 
parison with any other useful activity of mankind. 


C. T. Farndell (BOAC, London), speaking of navigation in the super- 
sonic age, attacked the parochial policies followed by many countries as 
regards air traffic procedures and regulations. The lack of agreement 
between the airspace users themselves in respect of a common advance has 
all too often delayed the realization of possible improvements. Pointing to 


regulations in the USA and Canada, under which no flights in accordance 
with visual flight rules (VFR) are permitted in part of the airspace of these 
two countries, Farndell established that it would be extremely difficult to 
achieve integration of traffic operating under instrument flight rules (IFR) 
and under VFR rules, without drastically separating the two systems. It is, 
in particular, urgently necessary to extend ATC to higher altitudes, seeing 
that an important part of world air traffic, especially jet traffic, still operates 
in uncontrolled airspace. The whole problem of the future development of 
traffic requires unbiased and extremely thorough study, regard being had 
only to the technical and operational points of view. Only then is it possible 
to create an air traffic control system on an international basis which is 
adaptable enough to ensure the safety and fluidity of future traffic. In these 
investigations, a solution of the political problems involved should not be 
looked for until the operational and technical questions have been cleared 
up. 


The paper of P. Guyot (Air France, Paris) gave rise to a lively discussion. 
His theme was that the problem of displaying a three-dimensional move- 
ment pattern involving many aircraft, and thus of controlling such move- 
ments, had in no way been solved, but merely cleverly circumvented. When 
airways were introduced, individual vertical planes were cut out of the three 
dimensional airspace and traffic control on these lanes then carried out in 
only two dimensions (vertical and longitudinal). This leads to a considerable 
concentration of traffic, since the possibility of using the third dimension for 
separation purposes is deliberately abandoned. Even for control over the 
North Atlantic, air traffic controllers have accepted the “airways’’ approach. 
On airways over the North Atlantic, the control of air traffic is therefore 
based on knowledge of aircraft positions (which are known accurately only 
at the moment an aircraft reports its position) and on pre-calculating 
future positions. Relative motion does not appear at all as a factor in main- 
taining adequate separation. P. Guyot proposed that actual, i.e., known, 
positions and speeds of aircraft be used as a basis for the control of North 
Atlantic traffic, making it possible in many cases to reduce the 30-minute 
longitudinal separation. One could, moreover, in this way eliminate the 
undesirable changes in altitude and even cut down the holding times, which 
today inevitably arise whenever position estimates indicate even a slight 
possibility of separation falling below the minimum laid down. Control 
procedures of this type could be easily introduced in practice and would, 
moreover, involve only little cost; the prerequisite is, however, a change in 
present philosophy, and this is particularly difficult to achieve. 


J. E. D. Williams (Aviation Consultant, London) recommended the 
fixed programming of timetables. Especially in the case of jets, the necessary 
longitudinal separation factor can be reduced to half of what it is at present, 
provided the pilots stick to the flight schedule laid down by air traffic control, 
and that they do so with the degree of accuracy which is already possible 
today with Doppler and DME aids. In this connection, certain basic speeds 
must be maintained or control points passed at definite times, as the case 
may be. From the commercial point of view, it is preferable to accept 
variations of the order of + 30 knots in economic speed but at the right 
altitude, than to be faced with a flight altitude even one level different from 
the optimum. J. E. D. Williams considered it a logical development for the 
whole flight programme to be laid down prior to takeoff, even for short- 
range flights. Only in this way can holding flights at destination be avoided. 


J. Villiers (Service de la Navigation Aérienne, Paris) covered extensively 
the characteristics and weaknesses of the present system of control, pointing 
out that the adaptability of modern technical systems used in the processing 
and display of information will allow the methods in current use to be very 
considerably altered. Villiers dealt with the improvement of current long 
range communications of fixed communications networks, which will one 
day provide complete automatic teleprinter transmission of information. 
Villiers was a little hesitant as to whether the computer would provide the 
complete answer to the ATC problem, and was of the opinion that further 
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analysis was necessary to determine the complexity and size of the necessary 
computer. There are however many ATC tasks for which electronic com- 
puter equipment can be used successfully and economically. 


J. Stern (Service Technique des Télécommunications de |’Air, Paris) 
reported on ATC automation developments in France. This work is 
carried out in close cooperation between civil and military departments with 
the object of putting the STRIDA-CAUTRA system into practice. STRIDA 
II is an air defence system which, amongst other functions, is designed to 
process radar information. From analysis of radar echoes, the coordinates 
and speeds of the aircraft detected, as well as the flight paths they have been 
following up to the moment and their probable future flight paths, are 
worked out by arithmetical methods. The intention is to integrate STRIDA 
II with the CAUTRA civil ATC system to a considerable extent, so as to 
achieve conditions in which flight controllers in the control centres receive 
exact and continual notification of the positions of the aircraft under their 
control. 


The address of General Pierre Aubry (Ministére des Armées, Paris), 
which dealt with collision avoidance procedures and equipment as seen from 
the military aviation point of view, was read by Colonel Martin. General 
Aubry pointed with regret to developments in the post-war period, as a 
result of which different air traffic control systems exist for military and 
civil aviation, without there seeming to be any practicable way of uniting 
both systems in a common organization. He specified two possible methods 
of achieving safe separation between civil and military aircraft, particularly 
in the upper airspace. One was to raise the upper limits of the airways; a 
condition of this would, however, be extremely close radar control of military 
aircraft movements, since the vertically extended airways would also be 
crossed by many military aircraft. The other was to allot pre-set routes, each 
aircraft being contained in an individual inviolable block of airspace 
“carried along with it,’’ but abandoning the space after it has flown through 
it. Should military aircraft wish to cross these pre-set routes, it would be 
essential to know the altitude and position of all aircraft in the vicinity of 
the point of intersection with a very high degree of accuracy, in order to 
ensure the necessary separation. As a possible solution to the problem, 
General Aubry put forward the employment of radar and the simuJtaneous 
use of a second system, to serve not only as auxiliary equipment for the 
identification of aircraft, but also to provide a monitoring system working 
parallel to the radar observation system. This second system could be pro- 
vided by secondary radar ; such a radar should, however, include an auto- 
matic data-link. 


“The technical planning of the Eurocontrol project’’ was the theme of 
the address by Dr. F. Hentschel (Eurocontrol Association, Paris). The 
studies commended several years ago have led to the conclusion that, to 
achieve effective traffic control in the upper airspace, the standards to be 
applied differ considerably from those appropriate to lower space. It has 
been recognized that these problems cannot be solved within the framework 
of current air traffic control organization and with the means employed 
today. It is, therefore, intended to organize upper airspace on entirely 
different principles from those adopted for lower airspace, and to create the 
technical means necessary for guaranteeing the safety of all commercial and 
military aircraft as well as for giving the military and civil user of airspace a 
large measure of freedom in his choice of optimum flight routes, altitudes, 
and times. According to Dr. Hentschel’s thesis, Eurocontrol expects to take 
over the control of upper airspace from national authorities by 1963, and in 
the succeeding years to amplify and improve the technical aids in stages. 
Technical planning includes, amongst other things, the production of 
equipment for automatic data transmission, with the aid of which position 
reports, altitude reports, etc. can be transmitted without involving the pilot. 
The same is true in the reverse direction for passing permission to land and 
other indications to the pilot. Since the non-directional beacon so far in use 
is not suitable for traffic control in upper space, only VOR is available for 
aircraft navigation and control, and this moreover requires improvement in a 
number of respects. Over and above this, there is no alternative to the crea- 
tion of a completely new navigation system, the development and testing of 
which is likewise amongst the tasks of this organization. Dr. Hentschel 
stressed that creation of this new navigation system is of special significance, 
and that it is already the subject of a competition in which the industry has 
been invited to participate. Just as in the future Eurocontrol centres the use 
of electronic computers will be indispensable, one cannot dispense with 
radar, and in this connection considerable attention is being devoted to the 
possible introduction of secondary radar. Plans also include the construc- 
tion of a testing centre with the necessary traffic simulators, and the setting 
up of an international school for ATC personnel. 
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Professor Wolfgang Haack (Technische Universitat Berlin) gave a 
lecture prepared jointly by himself and Dr. Fritz Rudolf Guntsh (Telefunken, 
Constance), which comprised a review of air traffic control automation plans 
in the German Federal Republic. The first phase will include, amongst 
other developments, the automatic pre-computation of flight plans by 
means of a digital computer, which is already on order, and the automatic 
printing of control tapes, as well as the evaluation of electronic displays 
and of automatic conflict warning procedures. The automatic interchange of 
information between various ATC centres is also to be investigated as part 
of the first stage. For the purpose of introducing procedures, after stage-by- 
stage testing, a new ATC control centre is to be built in Frankfurt. A later 
stage in the programme foresees the incorporation of digital radar in the 
ATC system, and the creation of a new automatic data transmission system 
for air/ground/air data exchange. 


The paper of Professor H. von Diringshofen (Munich) reminded the 
Conference that it is not only automation and technical equipment which 
have a part to play in ATC. The Professor underlined, amongst other 
matters, that the inadequacies from the health point-of-view often encoun- 
tered in working conditions, such as poor lighting, insufficient air condition- 
ing, too much noise, uncomfortable seating and many other matters, may in 
certain circumstances have very serious consequences. This is particularly 
the case if the staff situation makes necessary the uninterrupted employ- 
ment of flight controllers at full pressure for more than two hours at a 
stretch. Professor von Diringshofen warned against overloading the flight 
controllers, since this would have to be paid for in the form of frequent 
human errors, a state of affairs which should be avoided at all costs in air 
traffic control. Even a complex technical system of automatic ATC can 
exhibit sufficient reliability only if it is constantly monitored and looked after 
by men, and if care is taken from the first to ensure that, if need be, the man 
can in an emergency promptly rectify the error by other technical means, 


W. C. Woodruff (Guild of Air Traffic Control Officers, London) gave an 
impressive exposé of the difficulties which are to be overcome on busy 
short-haul routes. He discussed the advantages and disadvantages of paral- 
lel and intersecting takeoff and landing runways, and emphasized that 
special problems must be solved in order to pass modern jet aircraft through 
the remaining traffic to their cruising altitudes and then bring them down 
again. As regards the use of electronic equipment in ATC, Woodruff was of 
the opinion that these can certainly render outstanding services in the 
monitoring of long-distance flights in the proper sense of the term, but that 
the programming of a computer in a complex short-haul area, in which 
flight paths, altitudes, and aircraft speeds alter extremely quickly, is often a 
task beyond the capabilities of the scientist and the mathematician. Since the 
major part of Europe consists of short-haul traffic zones, it would be con- 
ceivable that the ‘“‘computer which nature has built into man’s head’”’ will, for 
a long time, remain the most effective aid in the avoidance of collisions. 


In his paper concerning the use of radar for short-haul, Dr. O. Heer 
(German Federal Air Traffic Control Organization) discussed the advan- 
tages of radar in ATC in short-haul areas, but also mentioned in detail the 
disadvantages involved in the employment of radar. He said that only 
through the application of new techniques in approach control would 
further progress be possible, and described it as necessary to effect certain 
organisational, operational, and technical improvements in order not only to 
achieve optimum radar efficiency but also to overcome the additional 
dangers which the use of radar brings with it. Such improvements include the 
elimination of uncontrolled visual flight inside the controlled airspace, or at 
least making the uncontrolled aircraft visible on the radar screen; the 
elimination by technical means of echoes from aircraft, whether below or 
above own control area; and the avoidance of undesirable blind spots. The 
aircraft on the screen must be given an identification symbol and at the 
same time their altitudes shown by means of suitable aids (secondary radar, 
data link, or height-finding radar). Lastly, provision must be made for 
sufficiently bright screens for the display of radar images. 


The paper of D. D. Lipman (Ministry of Aviation, London) also dealt 
with the use of radar in short-haul traffic zones. He stressed that the safe 
separation of aircraft depends in the first place on effective overall organiza- 
tion of the way in which the available airspace is utilized, and that in no 
circumstances should reliance be placed on one sole aid. The use of radar 
alone is not only inadequate but is accompanied by additional dangers. 
In normal circumstances, ATC must work in such a way that aircraft are 
independent as regards their navigation, require no special assistance, and 
can get their bearing in accordance with established procedures. In this con- 
nection, radar is to be regarded merely as an aid but not as a means of 





ne 


=~ fo = Of = — = eee oe ee 


w 


n= 


_— 


navigation. Useful as it may be in making optimum use of the available air- 
space and in minimizing delays, it should not be regarded as a basis for 
establishing separation of the entire traffic. In any case, the successful use of 
radar in a dense short-haul traffic zone depends on the capability of the 
radar air traffic controller in question, and this refers not only to his equip- 
ment but also to the procedures to be applied and to the flight characteristics 
of the aircraft under his control. 


The speech of Hansjiirgen Freiherr von Villiez (Technische Universitat 
Berlin), who reported on an investigation by the Piloting and Air Traffic 
Institute of the Technische Universitat Berlin, which is still in progress, was 
received with much approval. The object is to establish, against the back- 
ground of thorough traffic analysis, how air traffic proceeds in practice, as 
compared to the theoretical procedures and tolerances. In other words, it is 
desired to find out with what degree of course accuracy and positioning 
aircraft move in airspace, and how quickly and accurately pilots follow the 
instructions given them. It emerged in this way from the illustrations shown 
that, in part, the actual course of aircraft movements differs appreciably 
from the course set. Since it was not known to pilots that, at the material 
time, their flight movements were being photographically recorded for ana- 
lysis purposes, the photographs available should give a true basis for object- 
ive evaluation. It can, for example, be seen that in some cases holding 
patterns are maintained with extreme accuracy, whereas in others there is 
evidence of much carelessness. A further very telling example was the 
appfoach flights of jet aircraft which, in a number of cases, did not start 
above the outer beacon, but at distances of up to 8 miles from it. An investi- 
gation of this type should prove extremely fruitful in the planning of air 
traffic control procedures and in the correction of those existing procedures 
which this survey has now shown to be inadequate or, at any rate, unfavour- 
able. As a by-product of these investigations, so to speak, it emerged on the 
basis of the photographically recorded radar displays that the vertical 
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aperture of the radar in question is appreciably smaller than quoted in the 
prospectus. 


The practical aspects of piloting aircraft were discussed in the two con- 
tributions of Flight Captains J. Férster and L. Progner (Deutsche Lufthansa, 
Frankfurt). Neither was able to conceal serious anxiety about the current 
situation. J. Forster quoted examples of the almost hopeless overloading of 
radio frequencies, over which it is sometimes hardly possible to pass even 
the most important messages. Routine radar control, as already introduced 
by some countries at certain altitude levels, is vastly preferable to a system 
with large uncontrolled airspaces, but in many respects requires improve- 
ment. It is, for instance, extremely unfortunate—and the point was made 
strongly by several other speakers—that no altitude information is avail- 
able to radar control centres concerning the aircraft which appear on their 
screens. It happens over and over again that radar flight controllers warn 
pilots of aircraft in the vicinity, which the pilots cannot sight despite every 
effort and even in the best visibility, for the simple reason that the aircraft 
about which they are being warned are flying several thousand feet above or 
below them. These warnings, whilst well meant, are extremely disturbing and 
distracting, and as a result they sometimes go unheeded. On the other hand, 
it often happens in practice that an aircraft of Boeing 707 size suddenly 
looms up without any warning being issued. L. Progner maintained that the 
introduction of radar had put the pilot ina dilemma. He said that in the USA, 
for example, a warning had gone out fo all pilots that the radar flight con- 
troller’s instructions are without exception in the nature of advice. In other 
words, entire responsibility rests with the pilot, who can either follow the 
recommendations, and thus run the risk in the event of an accident of a 
“pilot’s error,” or place no confidence in the ground controller’s advice, 
thus throwing the whole traffic situation in a congested area into confusion. 
In the view of both its practitioners and its direct beneficiaries, air traffic 
control, as it is today, is in all respects a completely unsolved problem. 


his subject and that he has made a good choice from 
the copious material available; nor will the reader 
be disappointed. 

The contents of the work are divided into sections, 
namely: ICAO; air traffic rules; air traffic services; 
airports; air traffic control service; altimeter setting 
procedures; aeronautical information service; Notam 
code; search and rescue; operation of aircraft; 
Q-code and other abbreviations; location indicators; 
R/T procedures; aeronautical telecommunication; 





Spaceflight Technology. — Edited by Kenneth W. 
Gatland. — Academic Press Inc., London, New 
York, 1960 (English; 365 pages with numerous 
illustrations, tables and diagrams; price 75/-.) 


In August, 1959, the British Interplanetary Society 
invited a number of prominent Commonwealth 
scientists to a three-day symposium. The subjects of 
this conference were the participation of Great Bri- 
tain and the other members of the Commonwealth 
in space research, the steps to be taken, and the cost 
of a programme of this nature. Kenneth W. Gatland 
has assembled the major papers read at the symposium 
in this volume; in some cases, the papers are published 
here for the first time. 

An introductory paper on Britain’s place in inter- 
planetary exploration is followed by a discussion of 
the economics of space flight. Commonwealth partici- 
pation is then reviewed, with particular reference to 
Canadian industrial and scientific facilities. The 
remaining papers are concerned mainly with 
technical problems. These include carrier vehicles, 
re-entry into the earth’s atmosphere, ramjet propul- 
sion for hypersonic speeds, life-support equipment for 
manned space vehicles, instrumentation of unmanned 
satellites, orbital tracking and radio communication, 
navigation in space, and exploration of the moon. 

The present endeavours to bring about a European 
space research programme give this survey of British 
projects a topical political significance far beyond its 
scientific value. Ge. 


Elements of Flight Propulsion. — By Joseph V. Foa. — 
John Wiley & Sons, Inc., New York and London, 
1960 (English; 445 pages with numerous illustra- 
tions; price $12.50). 


A quick look at the table of contents is enough to 
show that this book is more than the mere introduc- 
tion to the field of flight propulsion which the title 
would lead one to believe. Starting from the basic 
equations of thermodynamics, the author goes on to 
discuss one-dimensional steady flow and then, in 


just as thorough a manner, one-dimensional non- 
steady flow. In the chapters which follow, the formu- 
lae arrived at are applied to the main components of 
dynamic flow machines, intake diffusors and nozzles, 
compressors, turbines, and combustion chambers. 
A short analysis of propulsive efficiencies is followed 
by a section dealing with steady-flow thrust genera- 
tors, namely turbojet and ramjet engines, propellers, 
rockets, and bypass engines. The final chapter on 
nonsteady flow thrust generators is particularly 
valuable, as treatments of this aspect are difficult to 
come by. To quote the preface: “The current lag 
in the exploitation of nonsteady processes is to be 
attributed in good part to analytical difficulties and 
should not make one lose sight of the potential 
superiority of nonsteady-flow thrust generators in 
important applications.” 

This is neither a work of reference for the busy 
engineer, nor a collection of “recipes,” but a real 
text-book. In order not to interfere with the reader’s 
train of thought, the bibliography and problems are 
lodged in the comprehensive appendices. Pr. 


Flight Rules and Air Traffic Procedures. — By Hubert 
G. Daniels. — Richard Carl Schmidt & Co., 
Brunswick, 1961 (English; 204 pages, 85 illustra- 
tions; price DM 27.—). 


The publication of a volume of this type should 
really be the province of the aviation authorities, 
who would thus not only have a text-book for stu- 
dents at an ATC school, but would also provide a 
badly missed reference book for all those concerned 
with this vast subject, such as pilots, wireless opera- 
tors, ATC personnel and so on. Since the German 
Aviation Authorities are manifestly not in the posi- 
tion to compile a work of this type, its publication 
by private enterprise is all the more welcome. The 
author is an old hand at air traffic control and at 
present in charge of the ATC training of future pilots 
at Lufthansa’s flying school in Bremen. The reader 
is therefore entitled to expect that the author knows 


nationality and registration marks; meteorological 
services; and ocean station vessels. At the end are 
150 examination questions with answers, arranged in 
the form in which the ATC candidate will have to 
answer them in the course of his training. The legal 
provisions in force in Western Germany are also 
given in an appendix. The fact that the book is in 
English, the /ingua franca of aviation, is to its credit. 
The same is true of the binding, which permits the 
book to be kept up to date by the insertion of amend- 
ment pages; these, according to the publisher, are 
to be issued yearly. Eb. 


Funktechnik. Band 6 des Postleitfadens (Fernmelde- 
technik), Pt. 7—Revised by Dr.-Ing. Karl-Otto 
Schmidt. — R.v. Decker’s Verlag, G. Schlenk 
GmbH, Hamburg/Berlin/Bonn, 1960 (German; 
970 pages, 953 illustrations; price DM 58.80; 
cloth-bound). 


Although published as a text-book for the tele- 
communication service of the West German Post 
Office, this book could also be a valuable aid both for 
teachers and pupils at technical schools and for 
telecommunications technicians outside the post 
office. The first section of the book sets out the funda- 
mentals of radio technology, namely oscillating 
circuits, electron tubes, semi-conductors, vibration 
generating, wave propagation, antennae, modulation 
methods, waveguide techniques. After a chapter 
on the control and construction of wireless apparatus, 
the third part deals with applied radio technology 
in various wave bands. The later chapters are con- 
cerned with wireless transmission and operation me- 
thods, mobile radio services, radio direction-finding, 
measuring procedures and suppression of radio 
interference. The directional radio systems installed 
by the Post Office are also discussed in great detail. 
Valuable additions to the book are the extensive 
bibliography and also the detailed table of contents 
at the end. 


\ 
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Motoren voor de Voortstuwing van Vliegtuigen. — By 
H. A. Jansen and C. W. Schénfeld. — N.V. Uit- 
geverij “Argus”, Amsterdam C, 1960 (Dutch; 339 
pages; 289 illustrations; price Hfl. 24.75). 


As J. H. Mulder, Director of Operations, KLM, 
mentions in his foreword, the first edition of this book 
(1950) was commissioned by KLM as a text-book 
for use in the training of pilots and mechanics. The 
book was also used at the Netherlands Civil Aviation 
School. The rapid advances in aviation technology, 
especially the considerable amount of new knowledge 
in the field of turbo-engine construction, made the 
publication of a new edition seem desirable. Jansen 
revised the part dealing with piston engines, which 
also deals with composite engines, as well as with the 
common fuels and lubricants for piston engines and 
turbo-engines, and the construction and working of 
propellers. 

The part dealing with the turbo-engine (funda- 
mentals, aerodynamics of turbo-engines, turboprops, 
jets, bypass engines etc.), was brought up to date by 
C. W. Schonfeld, adviser on engines to KLM. After an 
introductory chapter dealing with the fundamentals 
of turbo-engines, Schénfeld goes exhaustively into 
the theory of gas turbine propulsion for aircraft, 
and then goes on to give a detailed description of 
some of the best-known turbo-engines (the Rolls- 
Royce Dart, the Pratt & Whitney JT4A-9 and JT3D, 
as weli as the Allison 501). This comprehensive work 
is intended for the specialist, and its logical arrange- 
ment makes it an excellent text-book. Ba. 


Progress in Astronautics and Rocketry — Volume I; 
Solid Propellant Rocket Research. — Edited by 
Martin Summerfield. — Academic Press Inc., 
New York-London, 1960 (English; 692 pages with 
numerous illustrations, tables, and diagrams; 
clothback, price $6.50). 


With this volume, the American Rocket Society 
introduces a series of publications which exceed the 
capacity of the Society’s two journals, the ARS 
Journal and Astronautics. This book contains mainly 


papers which were read at the ARS Symposium on 
January 28th and 29th, 1960. 

Liquid propulsion having been the order of the 
day for many years, the solid propellant rocket is 
now, thanks to the knowledge gained in the field of 
propellant chemistry and combustion, making de- 
termined strides forward. 

Mr. Summerfield, Professor at Princeton Uni- 
versity, selected five contributions on the mechanical 
properties of grains as an introduction to various 
aspects of combustion. The main problems dealt 
with under the heading of combustion are the steady- 
state burning of composite solid-propellants, com- 
bustion of metals, unstable combustion, and ignition. 
Since the main emphasis is on theory, practical prob- 
lems, such as the construction of combustion chamber 
casings and jet pipes, are not dealt with. 

The reader will find valuable aids to a better under- 
standing of these subjects in the numerous illustra- 
tions, tables, and diagrams. A basic knowledge of 
higher mathematics, thermodynamics, the theory 
of resistance, chemistry and physics, is however 
indispensable. This book, whilst first and foremost 
intended for scientists and engineers, would also be 
of assistance to the advanced student. Considering 
the volume’s scope and substance, the price is 
extremely low. Ge. 


Theory of Thermal Stresses. — By Bruno A. Boley 
and Jerome H. Weiner. — John Wiley & Sons, 
Inc., New York and London, 1960 (English; 586 
pages; price $15.50). 


Although stresses and expansions caused by heat 
have played an important part in technology since 
the invention of the steam engine, for the last twenty 
years scientists have had to enter into the relevant 
problems more thoroughly than before. As the 
authors emphasize in the preface, very high tempera- 
ture variations develop in nuclear power and combus- 
tion processes in rockets; consequently, many of the 
usual simplifications and linearizations in the ‘classic’ 
theory of stability are no longer permissible. 


This book, rather like a university lecture in form, 
starts with an introduction to thermodynamics and 
goes on to treat the general elements of thermoelastic 
problems. The second part deals with heat conduction 
and discusses the more important methods of solving 
the calculation of temperature distribution. In the 
main section entitled “Thermal Stress Analysis for 
Elastic Systems,” and comprising six chapters, all 
the important forms of stress-bearing structures, 
excluding shells,—straight and curved beams, rings, 
trusses, frames, and plates—are discussed, stability 
problems also being examined. The fourth and last 
part is devoted to the plastic sphere, where we have 
an accumulation of mathematical difficulties of such 
a kind that analytical treatment is successful only if 
considerable simplification and idealization are 
applied; otherwise use must be made of electronic 
computers which, however, give merely numerical 
results. 

The clear presentation of essential matter only is 
noteworthy, also the detailed bibliographical refe- 
rences. The inclusion in subsequent editions of some 
arithmetical examples and of a comprehensive author 
and subject index would be welcome. 

Pr. 


CLASSIFIED ADVERTISEMENTS 


2 DC3’s. Low time — “94” engines — Excellent 
configuration. Long range tanks. Available imme- 
diately. Full details on request. Apply Box 53. 





2 PBY-5A’s. Two crew. Cargo doors and floor. 
Extra windows, removable airline seats and tables, 
galley, etc. No corrosion. New C. of A. on delivery. 
Available now: Apply Box 54. 
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IGNITION SYSTEMS FOR PISTON ENGINES AND JETS 
REGULATING AND TEST EQUIPMENT 

ELECTRONIC, ELECTRICAL AND MECHANICAL EQUIPMENT 
“EDISON” FIRE DETECTION EQUIPMENT 

PRECISION MECHANICAL AND SHEET METAL WORK 

TEST INSTALLATIONS AND SERVICING EQUIPMENT 


AIRCRAFT EQUIPMENT DIVISION ARC 


3, IMP. THORETON - PARIS XVe 
PLANT: PARIS - COURBEVOIE - BLAYE 




















EUROPE 
AMERICA 
ASIA 
AFRICA 


world-wide routes 


SUPER DC-8 
CARAVELLE 


the most modern and 
comfortable jets 


WINGED ARROW 
SERVICE 


a distinctive Italian atmosphere 
of elegance and courtesy 


ALITALIA...... 
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SOCIETE DE CONSTRUCTION 
DES AVIONS HUREL-DUBOIS 


Route de Verriégres — MEUDON — OBS. 27-90 
FRANCE 





Aircraft in operation 
H.D. 34 


Specially adapted for photographic missions for the 
INSTITUT GEOGRAPHIQUE NATIONAL 

14 hours endurance with 5,700 lb of photographic equip- 
ment 

EIGHT aircraft in operation 


Aircraft under design 
H.D. 130 


Light transport aircraft for passengers and freight 

Wide operational capability 

Ability to operate from short and rough landing grounds 
at altitudes and at high ambient temperatures 
WITHOUT PAYLOAD PENALTY 

Twin Astazou turboprops of 530 h.p. 

12 to 15 passengers 

2,200 Ib over 600 miles 

210 m.p.h. cruising speed 


Other activities 


Participation in the CARAVELLE programme for SUD- 
AVIATION 

Participation in the MIRAGE III programme for G.A.M.D. 
Manufacture of luxury seating for the AIR FRANCE 
BOEING 707 

Participation in the preparation of the set of production 
blueprints for the SUPER-BROUSSARD for NORD- 
AVIATION 


Project for a military liaison aircraft. 
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ENGINS 
MATRA 


S. A. Capital 10,000,000 NF 





MISSILES 
AERONAUTICAL 


ARMAMENT 





AVIONICS 


AIRCRAFT 
AND MISSILE 
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TRAJECTORY 
RECORDING, 
GUIDANCE 


AND 
AUTOGUIDANCE 
YST 


STEMS 


Ss 
TELECONTROL 
TELEMETERING 


ACOUSTIC 


27, QUAI DE BOULOGNE - BOULOGNE-sur-SEINE 





Telephone: MOLitor 60-10 


SIEGE SOCIAL 





MISS-DISTANCE 
MEASUREMENT 






FLIGHT EQUIPMENT Ya 


AUTOPILOTS 
7 MASTER REFERENCE 
GYROS 




















DU PONT WEUILLY SUR-SEIME MAILLOT 49-35 ef la suite 

















BUSINESS AIRCRAFT? THAT’S THE BUSINESS OF 


eechcraft 


The twin-engined all-weather SUPER 18, QUEEN AIR, TWIN BONANZA and BARON, 
and also the sferma MARQUIS are sold in Europe by: 


SUPERCRAFT TRANSAIR S.A. 
9, rue Delariviére-Lefoullon Aérodrome de Colombier 
PUTEAUX (Seine) NEUCHATEL 
Tel. : LONgchamp 16-05 Tel.: 637-22 Neuchatel 
SHORT BROTHERS TRANSAIR S.A. 
& HARLAND Via Gustavo Fara 39, MILAN 
PO Box 241 Queen's Island, BELFAST Tel.: 65 33 27 
Tel.: BELfast 58444 
SCANDINAVIAN AIR OS ee 
ik 
TRADING CY coptenagoems 7 — 
Aarbrinken 112, COPENHAGEN 
Tel.: Byen 73-39 TECHNISCHE HANDELMIJ. 
HOLLINDA N.V. 
AB FLYGLEVERANSER Lange Vijverberg 13, 
Arsenalsgaten 4, STOCKHOLM LA HAYE (Hollande) 
Tel.: 20-11-41 Tel.: La Haye 18-3958 


TRAVELAIR GMBH 


Spitzenkiel 14, 
BREMEN 15 
Tel.: 31-08-27 


TRANSAIR 


Gartengasse 14, VIENNA 16 
Tel.: 57 33 21-24 


NORSE AVIATION 
AKSJESELSKAP 
Kirkegaten 2, OSLO 

Tel.: 42 4997 + 42 6468 


K. KARAYANNIS 


Karitsi Square, ATHENS 
Tel.: 23.213 








1020 INTERAVIA 7/1961 














11th International 
Technical 
Exhibition 
Turin 





September 23rd — October 5th 1961 


METALLURGY - SMELTING 
GENERAL AND PRECISION ENGINEERING 
OFFICE MACHINES AND EQUIPMENT 
BUSINESS MACHINES AND EQUIPMENT 
MACHINE TOOLS 
TOOLING 
ELECTROTECHNICAL EQUIPMENT 
ELECTRONICS - RADIO AND TV 
NUCLEAR ENERGY 
PLASTICS, RUBBERS, VARNISHES, BONDINGS 
CINEMATOGRAPHY, PHOTOGRAPHY, OPTICS 
AGRICULTURAL MACHINERY 
BUILDING MACHINERY, INSTALLATIONS & EQUIPMENT 
PUBLIC WORKS - SNOW CLEARING 


FEATURES OF THE EXHIBITION 


XX! Engineering exhibition 

Vill European plastics salon 

XIIl Exhibition of cinematography, photography and optics 

XI Exhibition of agricultural machinery 

| Display of electrical household appliances, radio and television 
XIIl Display of technical, scientific and other periodicals 

IV Exhibition and competititon—inventions and industrial progress 
| European metallurgy and foundry salon 


CONCURRENT EVENTS 


XIII International Cinematographic Congress (Sept. 24th-27th) 

XIII International Plastics Congress (Sept. 28th-30th) 

| International Congress on Automation (Sept. 24th-26th) 
ATA-ATI-AIDA Congress (Sept. 27th-29th) 

Vi Assofond Foundry Convention (Oct. 1st-4th) 


INFORMATION CENTRES IN ITALY AND ABROAD 


MILAN - U.N.I. - Piazza Diaz, 2 - Tel. 89.29.73 - 80.08.21 

ROME - Via Lombardia 30 - Tel. 46.20.98 

PARIS - Italian Chamber of Commerce - 134, rue du Faubourg 
Saint-Honoré - Paris VIII* - Tel. ELYsées 46.27 - BALzac 39.80 - 
41.88 

FRANKFURT AM MAIN - Italian Chamber of Commerce in 
Germany - Feldbergstrasse 24 - Tel. 774.747 - 774.767 

BRUSSELS - Italo-Belgian Chamber of Commerce - 6, Mont-des- 
Arts - Tel. 129.631 

AMSTERDAM - J. Leonard Lang - Stadhouderskade 114 - 
Tel. 719.744 

GENEVA - Pondil S.A. - Rue de la Tour-de-I'Ile 1 - Tel. 25.62.34 

WEMBLEY (Middx) - Fiat England Ltd. - Water Road - Tel. 
Perivale 56.51 


eeiemanmeant: 
GENERAL SECRETARIAT: TURIN, Corso G. Ferraris 60 
tel. 59.67.25 - 59.68.25 
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PROF, 


MISSILES 
AIRCRAFT 
POWERPLANT 


“140-34” 


sealed 
connectors 


P.R.L. 54-115 STANDARDS 


Small size, quick-disconnect 
sealed connectors 

specially designed 

for current electrical equipment 
on aircraft, missiles and engines. 


66 84 33 


connectors 


P.R.L. 54-120 STANDARDS 


High-performance, 
quick-disconnect 

Yr Ul-teMaelsliltacele 

specially designed for 

electrical and electronic equipment 
of the future in both aviation and 
Fttdgeriiiqia 


PMA ed, B 








SOURIAU:;C* 


9, RUE GALLIENI, BOULOGNE-BILLANCOURT (SEINE) — MOLITOR 67-20 + 
Factories at BOULOGNE-BILLANCOURT and LA FERTE-BERNARD (Sarthe) 


SUBSIDIARIES THROUGHOUT THE COMMON MARKET : 

SOURIAU electric G.m.b.H., DUSSELDORF/RHLD, Rathausufer 17, Tel. 17172 
Société Electrique Bénélux SOURIAU, 163, rue Royale, BRUSSELS, Tel. 17-46-65 
SOURIAU Italiana S.p.A., Piazza Velasca 5, MILAN, Tel. 806-277 


LICENCE : CANNON Electric Co. — LOS ANGELES — USA 
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@ seat upholstery 





gw tyres 














gw wheels 
gw MAXARET 





A SYMBOL OF TECHNICAL 
m brakes PERFECTION, THE 20TH 


CENTURY CARAVELLE 
CARRIES THROUGHOUT 
THE WORLD THE NAMES 


OF ALL WHO HAD A PART 
DUNLOP IN ITS DESIGN 


m windscreen wipers 





64, RUE DE LISBONNE - PARIS & 














CHAUSSON AVIATION 


AIRCRAFT HEAT EXCHANGERS 
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~A}EZ STAINLESS STEELS 







eS 
at 
ee 





Qe Meg ATRCRAFT TANKS 
92:98: JET PIPES 
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, = wit eee 
Oil cooler 
Sees © tine of ? Heat exchanger, oil-kerosene 
l Nid (We BD, 2 : Heat exchanger, air-JP4 
A MAD: l c FOR CABIN AIR 
aviation experience. .. nuclear precision re CONDITIONING 
1 pny <M ee NT ta SO } Evaporator 
Ms ie d Air-air cooler 
~ 2 - : 
| 40, RUE HENRI-BARBUSSE GENNEVILLIERS SEINE - FRANCE GREsillons 58-20. CHAUSSON - 35, Rue Malakolt - Asniéres - GRE 24-20 _ 











The only French propeller certificated 
for propeller turbines 


RATIER 
Hl dh — 

BEECH PD 18 — BREGUET 941 

COMMUNAUTE MD 417 

EPERVIER MS 1500 — POTEZ 840 — SPIRALE MD 416 
SUPER-BROUSSARD MH 260 

TRAVEL-AIR 

VOLTIGEUR SE 116 








FIGEAC (LOT) 
16, RUE DE LA PAIX, PARIS (2°) 
49, Bd DU COLONEL-FABIEN, IVRY (SEINE) 
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in new fields of flight 


INSULATION 


— REFRASIL 





The P1127’s Bristol Siddeley BS53 lift/thrust ducted fan 
engine features movable jet nozzles for vertical or hori- 





zontal thrust. Note Refrasil blankets. (Arrowed.) 


Refrasil is as vital for the newest jet air- 
craft as it has been since jet flight began. 
Refrasil blankets can withstand con- 
tinuous temperatures of 1000°C. They are 
precision-built to a very high standard by 
skilled engineers to suit the specific needs 
of a development programme or other 
special application. A prototype shop is an 


invaluable part of the Design, Technical 
Advisory and Maintenance services 
operated by Darchem Engineering before 
and after sale. And another production 
point: no aircraft programme has ever 
been held up for deliveries. Whenever you 
have an insulation problem it pays you 
to consult Darchem Engineering. 








The Hawker P1127 experimental 
VTOL aircraft is fitted with Refrasil 
lightweight blankets 


DARCHEM ENGINEERING LTD 


BRITISH REFRASIL DIVISION + STILLINGTON + STOCKTON ON TEES - CO. DURHAM 
A Member of the Darlington Chemicals Ltd. Group of Companies. DE (a.b.) 2 














For the generation of alternating current in the CARAVELLE 
SUD-AVIATION 
called on 

the French 
400-cycle specialist 


a 


18 kVA alternator 


75 VA autotransformer 


30 VA autotransformer 





lightness... 
reliability... 
safety... 





Static regulator 





250 VA transformer 





6 kW transformer-rectifier 





400 VA inverter 


kVA inverter 


188, RUE D'ESTIENNE D’ORVES, COLOMBES (SEINE) FRANCE 
Phone: CHArlebourg 51-76 
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Helicopter S 
certificated by the R.A.I Pep, 
AGUSTA-BELL 102 to CAR. standards 



















Characteristics 
Engine rating 600 h.p. 
Overall weight 6,008 Ib 
Payload 2,017 Ib 
Maximum speed 110 m.p.h. 
Cruising speed at 1,950 feet above 

sea level 99 m.p.h. 
Service ceiling in forward flight 

(max. weight) 12,800 it 
Hovering ceiling within the 

ground effect 8,100 ft 


Endurance with normal tanks 3 hours 20 min 








The most recent product of 


COSTRUZIONI 
AERONAUTICHE 


GIOVANNI 
AGUSTA 


CAMPO DI GASCINA COSTA - GALLARATE (ITALY) 


li 


ome 















Clichés pour impression 
en une ou plusieurs couleurs 


Galvanos Albert Fischer 


Stéréos - Flans 
Clichés pour gaufrage et reliure 


Clichés en bakélite 
Clichés en caoutchouc 





Cliches 
Schwitter SA Photos en couleurs 


Retouches ameéricaines 


pour l’art et l’industrie 


Bale Zurich ; 
Agrandissements 
Lausanne photographiques 
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MILAN-MALPENSA 


L> —\ 
J 
\ ; / 
Lf 


ROME-FIUMICINO O 
>. 


rr 


MILAN-LINATE 








= 


a 


O NAPLES 


THE LEADING 
ITALIAN AIRPORTS 
ARE EQUIPPED 
WITH 
SIGNAL LIGHT SYSTEMS 
FOR AIR NAVIGATION AIDS 
DESIGNED 
BUILT 
INSTALLED 


COGEPI 


DIVISION OF 


Es 





COMPAGNIA GENERALE DI ELETTRICITA 





GENOA — Via B. BOSCO 37 

MILAN - Via P. VERRI 10 

ROME — Piazza REPUBBLICA 68 — Tel. 478 458 
PALERMO — Piazza INGHERIA 73 


— Tel. 586 082 
— Tel. 701 932 


— Tel. 240 201 


















OEE Cee ELECTRONICS 


all 
special wires 
r= Pale Mer- je} [1-4 
















CABLE WIRES 


— Standard 

— Special 

— High 
temperature 


COAXIAL CABLES 


— Aerial lead-in 
— Special 


TRANSMISSION CABLES 
MULTICORE CABLES 


The most modern 
materials and tech- 
niques are used. 
Our products com- 
ply with French and 
foreign standards. 


140-146. rue Eugene Delacroix, DRAVEIL (S-&-0) 
Tel. 921-78-00 + 
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NO FLOW MEASUREMENTS 
WITHOUT F.H. FLOWMETERS 


The accuracy of measurement obtained with our mass flowmeters is 
due to the reading being expressed directly in weight, the counter being 
adjusted before the measurement is made. Conversion to readings express- 
ed in volume is no longer necessary. For this reason these instruments 
are finding increasing favour in a wide variety of industries. 


DAIRIES AND CREAMERIES, where the measurement of milk in weight 
is extremely important, as the density of the milk changes with variations in 
outside temperature. 


PETROL AND GAS—Our flowmeters are used both on the pipelines and 
in the measuring installations in the refineries. They are also used to check 
the regulation of the furnaces in glass, cement and steel-works. 


CHEMICALINDUSTRY—iIn this industry more than any other, it is essen- 
tial to be able to make immediate adjustments according to the density 
and viscosity of the fluid being measured. 

The adjustment of the counter is established during the process of calibra- 
tion in accordance with the viscosity and density of the fluids to be measured. 
For this reason, the accuracy advertised (1%) corresponds to that obtained 
in practice. 

As an example here is the calibration of one of our automatic mass flow- 
meters Aviation Series RAD 64; the measurements have been made in 
weight at three different densities, without the variation exceeding 1%. 


JHF AUTOMATIC MASS FLOWMETER 


Determination of densities 





+1 











flow in litres/min 
A — average density 0.716 density meter float low position 
B— 0.765 i 


Percentage error 


” ” ” mi ” 


Cc = ” 0.816 ” ” high ” 


This accuracy can be obtained manually or automatically for the measure- 
ment of all the liquids you use in your industry. Consult us. 


FAURE-HERMAN 


68, rue de l'Est — BOULOGNE s/Seine — Molitor 17-37. 














SOCIETE D'APPLICATIONS RADIOELECTRIQUES 
A L'AERONAUTIQUE ET LA MARINE 


S.A.R.A.M. 


Radioelectric development 
Airborne transmitter/receivers 


VHF 


Types 5.41 - 5.42 and 5.52 


UHF 


Types TR-AP-11A - TR-AP-21A and 7-60 Marine 


9 & 11, rue H. G. Fontaine - ASNIERES (Seine) 
Telephone : GREsillons 33-21 and 33-22 
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SOCIETE D'OPTIQUE, DE MECANIQUE, 
D'ELECTRICITE ET DE RADIO 


OMERA-SEGID 


ELECTRONIC, OPTICAL AND 
PRECISION MECHANICAL EQUIPMENT 





Aircraft transmitters, receivers, SARAM licence 
VHF SARAM TRAP 6 
VHF SARAM TRAP 114A, 21A and 22A 
AGA licence radio beacons 
DECCA licence radar 


AERIAL PHOTOGRAPHIC MATERIAL 
Recording sights Types 20 and 110 
Photographic equipment Types 11, 30, and 31 





49, rue Ferdinand-Berthoud, 
ARGENTEUIL (S.-et-O.) — Tel. 961.3240 











BOMBRINI PARODI - DELFINO 


Explosives and ammunition - Chemical products, metal goods, and textiles 














EXPLOSIVES, AMMUNITION AND 
PROPULSION DIVISION 


Military supplies 


Complete rounds for artillery and 
ammunition for small arms 


Solid-propellant rocket motors 
Rockets for civil and military use 


High explosives and propellant 
charges 
Mining explosives 
Dynamite and explosives for public 
works, mines, quarries, etc. 
Products for sporting guns 


Powders, cartridge cases, percussion 
caps, and complete cartridges 


ROME, VIA LOMBARDIA 31 ‘MILAN, VIA PALESTRO 2 





















APPAREILLAGES ET MATERIELS DE SERVITUDES 


Licensee of Greer Hydraulics Inc. Los Angeles and N.Y. U.S.A. 


Fixed & Mobile test benches for 
Aircraft — Engines — Jets — Missiles 





MOBILE HYDRAULIC TEST BENCH Type E.30.2c. A 


Valves and fittings for high and low FIXED HYDRAULIC TEST BENCH Type P.H.44.2c 


pressure hydraulics 
GEAR PUMPS 
MANUALLY OPERATED PUMPS 


PRESSURE AMPLIFIER (BOOSTER) 
MAINTENANCE AND GROUND SUPPORT EQUIPMENT 


HEAD OFFICE: 2 rue de |’Abbé Pouchard, Choisy-le-roi (Seine), France, Phone BEL 07-78 & 79 - WORKS: Chatellerault (Vienne) 


























LCONSTRUCCIONES AERONAUTICAS S.A.| 
(rex FRANCISCO, 4] 


(MADRID) 


—_— @ G 


PROYECTO Y CONSTRUCCION DE AVIONES 


——— 


([Factorias en: Getafe (Madrid), Cadiz, Sevilla y Madrid] 














C.A.S.A.-207 “AZOR” 


The C.A.S.A.-207 “AZOR” is 


This company manufactures the C-127 
a multiple purpose aircraft. 


io (Dornier 27) and the sports aircraft Bu-131 
en (Jungmann) under licence. It also carries 1. Passenger transport 
out overhauls, maintenance and modifi- . Troop transport 
cations to the F-86, F-100 and T-33 jet . Freight 
fighters of the Spanish Air Force and . Evacuation of wounded 
the USAF, and the H-19 helicopters . Parachute troop transport 
of the Spanish and US Navies. . Search and rescue. 


om. WwW NY 





Getafe Factory 
Overhaul of F-100 “Super Sabre” fighters 
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BOMBAY 


FOR INFORMATION AND BOOKINGS 
IATA TRAVEL Agent or odie Bost Alrtings, 
PAHRAIN: 408 1/8 — BEIRUT: 22.12.12/5 - DMAHRAN : 5282/3 ~ 





MIDOLE AIRLINES 


LeiT 


You'll do a great deal better 
with the Polish made 


PZL-101 GAWRON aircraft for 
agricultural and forestry work 
powered by a 220 h.p. radial engine. 
Characterized by easy servicing, 
short take-off and landing runs. 
Fitted with three types of agricul- 
tural equipment: 

e for spraying water solutions 

e for spraying oily solutions 

e for dusting 

capacity of the chemical hopper 
550 

PZL- $028 KOS aircraft 

a safe, comfortable and economical 
sports and touring aircraft—light 
two-seater with 90 h.p. Continental 
Ask for descriptive engine—fuel consumption of 11,5 |/ 


material and _  cata- 100 km. 
logues 


PALMA S.A. 


Matériel Aéronautique 
7, rue Bellot 
Genéve (Switzerland) 


MOTOIMPORT 


Foreign TradeEnterprise 
Warszawa, 
Przemyslowa 26, 
Poland 
P. O. Box 365 
Cables: MOTORIM- 
WARSZAWA 


Sole Exporter : 























INTERNATIONAL 


AIRWAY MANUAL 






SERVICES 





DENVER, Colorado USA 


>s 


eBeppesen & CO., GmbH / Frankfurt/Main,Germany 
Kaiserstrasse 72 





Mail this coupon for free catalogue 





REP ane ere esi eR ee en 


IR ERE oe ne re ome Pats 
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Société de Construction et de Réparation 
de Matériel Aéronautique 


C.R. M.A. 


Pratt & Whitney 
Wright , 
Lycoming Engines 
Régnier 4 L - Renault 4 P 





Repairs 


Manufacture of parts for these 
engines original or adaptable 











SUCCESSOR TO 


SALMSON and VOISIN 


6, rue Marceau, ISSY-les-MOULINEAUX (Seine) 
Tel. : Michelet 36-30 

















RAPY 








THE ANALAC COMPUTER CENTRE 


is in a position to formulate and solve your problems. Equipped with 
A101 and A 110 computers, Analac’s aeronautical specialists can 
provide a novel solution to your problem. 

— Aerodynamics—thermodynamics—mechanies 
— Change in centre of gravity calculations 


— Study of movements about the centre of gravity—Tem- 
perature distribution 


— offnSl nool-nmit tsoyssieounear integral/differential 
equations 


— Solution of all types of algebraic equations 


— Operational research—non-linear programming 


SALES: *Phone: AUT. 81-25 
COMPUTER CENTRE: ’Phone: BAG. 87-57 





101, Boulevard Murat, Paris 16. 


RELLUMIT 


ALL REFUELLING EQUIPMENT 








THE REFUELLER OF THE FUTURE 
RELLUMIT INTER RELLUMIT(LONDON)Ltd RELLUMIT-FRANKFURT RELLUMIT-ROMA RELLUMIT-MADRID 


123, avenue Chandos House, Jacques Muller oHG 46-48 Via San Marino 192, Alcala, 
du Général-de-Gaulle Palmer Street, 90, Mainzer Landstrasse, ROMA MADRID 
LA GARENNE-COLOMBES LONDON S.W.1. FRANKFURT/MAIN 
(Seine) 











INTERAVIA 7/1961 1029 














AERONAUTICAL EQUIPMENT 





— MEASUREMENT EQUIPMENT 
Control stick load cell — Strain-gauge pressure sensor — 
Spring dynamometers. 


— 400-CYCLE CIRCUIT PROTECTION DEVICES 
Under-frequency, under-voltage, phase sequence. 
Load transfer relays for 400-cycle inverters. 


— AIRBORNE TRANSFORMERS 
— AIRBORNE TRANSFORMER RECTIFIERS 
— GROUND SUPPORT TRANSFORMERS 


— TEMPERATURE CONTROLLERS FOR HEATED 
WINDSCREENS 


— HYDRAULIC AND ELECTRO-MECHANICAL EQUIP- 
MENT 


— HEAVY LOAD PARACHUTING EQUIPMENT 
— “SL” STEEL RIVETING SYSTEM (82.5 tons p.s.i.) 








St-CHAMOND 
ewe «2219, (Bd St-DENIS ques 
“ue §=COURBEVOIE (SEINE) — G K A NN A T 
eecpects RRM 


gues FRANCE,Phone: DEF. 22-30 








RESEARCH and PRODUCTION 
for AVIATION 


Centre Rogier, 13, rue St. Honoré, 
BRUSSELS VERSAILLES 


Factory at ARGENTON-SUR-CREUSE (iIndre), FRANCE 








SALE OR LEASE 


ZERO TIME DC-4B 


Last owned and operated by 
NORTHWEST AIRLINES 


1st Class 50-seat Interior. 60 Hot Meal Galley $ 175,000.— 
Other DC-4B’s as low as $ 135,000.— 
Approximately $ 1,600,000.— DC-4 Inventory 


INTERAIR PARTS 


Hangar 3 TRiangle 7-5387 
Lockheed Air Terminal Burbank, Calif. 








OUR HEADING STABILIZER 
with PID gyro 
is 
simple — efficient — reliable 


Makes a decisive difference to the pilot in all his flight tasks 
Certificated for civil aviation purposes by the Federal Aviation 
Office, Brunswick. 


BODENSEEWERK PERKIN-ELMERsCO 
GMBH 
Uberlingen / Bodensee, Germany 





COAXIAL 
CONNECTORS 


MINIATURE & SUBMINIATURE 
(U.S. STANDARDS) 
COAXIAL SWITCHES 











37bis rue Gauthey, PARIS 17. 


Phone: MAR. 26-47 a 














oe 


AERO-COMMANDER 680 5S 


September 57 - Equipment: I.F.R., Auto-pilot, 
Oxygen, Dinghy, Life Jackets - Airframe 782 hrs, 
195 since Overhaul - Engines: left 207 hrs; right 
708 hrs, 84 since Overhaul; Third 758 hrs, in 
Stock since Overhaul - Large Quantity Spares - 
Price NF 600,000 - First Class Professional Pilot 
available —- Write under cipher 356, INTERAVIA, 
GENEVA II (Switzerland). 




















ULTRA-LIGHT ALLOYS OF 


MAGNESIUM 


SOCIETE GENERALE 
DU MAGNESIUM 


40, AVENUE HOCHE 
PARIS 8 
Phone : CARnot 87-79 
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SOFRANCE K 3 


DECIMICRONIC FILTERS 








Fuel filtration to 
1/10 micron, 
100°/o water-free 
fuel, 1°/o annual 
maintenance cost 


COMPLETE 
SAFETY 


SOFRANCE s.A. 


TELEX : 58036 


PARIS - 206 bd. Péreire SREP s - am des Canaris 
Phone : ETO 35-19 Phone : “13 
a ay rue Ferrandiére STUTTGART - "33 Stephanstr. 
37-82-52 Phone 
DUNKIRK - ey) rue Faulconnier LEGHORN - Corso Mazzini 70 
Phone : 28-68 Phone : 24-48 
LIMOGES - 34 av. Général Leclerc TARRASA (Barcelona) 
Phone : 37-26 and 28-23 San Cristobal 27 - Phone : 2979 
ALGIERS - 5 rue Lys du Pac TOULOUSE Agency 
Phone : 6360-29 21, rue des Orchidées 


e:e 
~ 





ANCIENS ETABLISSEMENTS CLAUDE & HATTON 


AERAZUR 


10, rue de Marignan - PARIS 8 











Arresting gear barrier 


PARACHUTES Life-saving ; Air dropping, for loads up to 22,000 Ib; 
Stabiliser drogues ; Brake parachutes; Anti-spin 
parachutes. 

PNEUMATIC Life-vests ; Life-rafts ; All types of dinghies; Pneumatic 

EQUIPMENT lifting bags ; Shock-absorbers ; Flexible tanks for all 
liquids - up to 3,500 cu. ft. capacity. 

SPECIAL Anti-G suits and trousers ; 

CLOTHING Anti-G valves ; Pressurized clothing ; 


Air-conditioned suits 
TECHNICAL VEHICLES FOR AVIATION 
SERVICE EQUIPMENT 
FACTORIES : Issy-les-Moulineaux, Gennevilliers, Cognac, FRANCE 
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above all that the 


accuracy of 
equipment counts. 


VIBRACHOc 


Licensee Robinson 
Aviation U.S.A. 


Mull cule lh 


PPPPAppeeesgpASIUAEEANNY ITTY 








studies and solves 

all the problems of 
insulation from shocks 
and vibrations. 


YOUR instruments 
YOUR equipment 
will be: 


Completely efficient 


because 
vi B 7 ACH Oc Completely insulated. 


39, rue des Mathurins - PARIS 8 
Tel: ANJ. 80-61 
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Fly anywhere! 


You will see it in London. Bangkok. Caracas. Nearly anywhere in the Free World you will 
see it. An oval sign that has a strong affinity with airports. What breeds aviation’s ties with 
the Esso sign? Customers say it is many things. The way Esso maintains short turnabout sched- 
ules. The proficiency of Esso servicemen, many of whom graduated from the Esso Jet Age 
Training Institute. Another reason for these ties? The high quality of Esso aviation products. 
Products like Esso Turbo Oils—the first turbo oils officially approved for use in today’s com- 
mercial jet airliners. Fly here; fly there. Still that reassuring oval follows you around. Need 
we add: Esso is the World’s First Choice! Our local organization welcomes your inquiry. 





